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SUMMARY 
This thesis reports on the prevalences of non-insulin-dependent diabetes 
mellitus, obesity, hypertension, hypercholesterolaemia and various indicators of lifestyle 
patterns in 262 adult White and 139 Asian (persons originating from the Indian 
subcontinent) males living in East Anglia. The Asians were subdivided into two groups, 
Indians and Pakistanis. The thesis elucidates the similarities, differences and 
interrelationships of various anthropometric, metabolic and blood pressure variables and 
indices in the different ethnic groups. It also investigates the role of generalised adiposity as 
well as body fat distribution as a risk factor of diabetes, hypertension and 
hypercholesterolaemia in the ethnic groups. 
Asians (Indians and Pakistanis combined) had significantly higher prevalence 
of NIDDM but significantly lower prevalence of hypercholesterolaemia compared to 
Whites. There were significant differences in a variety of reported indicators of lifestyle 
patterns between Indians/ Pakistanis and Whites. 
Significant heterogeneity in body fat patterning and metabolic variables was 
observed between Indians/ Pakistanis and Whites. Indians and Pakistanis had significantly 
more truncal, upper and central body subcutaneous adiposity but significantly less forearm 
subcutaneous adiposity than Whites; they also had significantly more total subcutaneous fat 
but significantly less visceral truncal fat. All three ethnic groups had similar levels of 
generalised adiposity. Overall, 77.0% and 93.5% of Indians/Pakistanis and Whites 
respectively could be correctly classified by using variqus anthropometric and metabolic 
variables and indices. Indians and Pakistanis had significantly lower mean total cholesterol 
( age corrected) but significantly higher mean diastolic blood pressure compared with 
Whites. 
Results of correlation studies revealed that age had a similar association with 
all the metabolic and blood pressure variables in the ethnic groups. The distributions ( age 
controlled) of total cholesterol, systolic and diastolic blood pressure were significantly 
different between Indians/Pakistanis and Whites. The results also provided evidence of 
significant association between some anthropometric variables and indices with fasting 
blood glucose, total cholesterol, systolic and diastolic blood pressure in all three ethnic 
groups. In some instances significant heterogeneity was observed in the correlations of 
anthropometric variables and indices with · the metabolic and blood pressure variables 
between the ethnic groups. 
Body mass index (BMI) showed significant positive association with systolic 
blood pressure ( after controlling for age and age 2 ) in all the ethnic groups. The 
distributions (age and BMI controlled) of total cholesterol and systolic blood pressure were 
significantly different between Indians/ Pakistanis and Whites. Overall, Indians and 
Pakistanis had significantly lower mean BMI after removing the effects of age, age 2 and 
upper body subcutaneous adiposity; central body subcutaneous adiposity; and fasting blood 
glucose, cholesterol and systolic blood pressure. 
All the measures of central subcutaneous adiposity ( abdomen skinfold, 
suprailiac skinfold and the sum of abdomen and suprailiac skinfolds) had significant 
positive associations (after controlling for age, age 2 and BMI) with fasting blood glucose in 
Whites but not in Indians and Pakistanis. Significant heterogeneity was observed in the 
partial correlation coefficients ( age effect removed) of these measures with fasting blood 
glucose between Whites and Indians/ Pakistanis. Central subcutaneous adiposity was thus 
found to be a potential ethnic-specific risk factor (independent of age and generalised 
obesity) of NIDDM in Whites but not in Indians and Pakistanis. 
Asians had significantly lower mean cholesterol (age corrected) than Whites 
after controlling for the effects of circumferences; upper body skinfolds; central body 
skinfolds; extremity skinfolds; and BMI, fasting blood glucose and systolic blood pressure. 
Indians and Pakistanis had significantly higher and lower mean systolic blood pressure (age 
corrected) than Whites respectively, after removing the effects of circumferences; upper 
body skinf olds; central body skinf olds; extremity skinfolds; and fasting blood glucose, 
cholesterol and body mass index. 
Although there was some overlap in which variables best predicting fasting 
blood glucose, total cholesterol and systolic blood pressure in the three ethnic groups, the 
most important predictive variables differed in the three groups. The anthropometric 
variables and indices used in predicting fasting blood glucose, total cholesterol and systolic 
blood pressure in White only group provided poor prediction of the means of these three 
variables in Indians and Pakistanis. 
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CHAPTER 1 
INTRODUCTION 
1.1 INTRODUCTION 
The state of diabetes mellitus (DM) as it is now defined has been enormously 
expanded from its classical origins. Historically, it was first recognised by its combination of 
striking symptoms and signs, partial descriptions of which can be found in the earliest 
written records (Von Engelhardt, 1989). A morbid sequence of events, comprising 
unassuageable thirst, profuse urination and rapidly progressive wasting, termination in 
stupor, coma and death, was described in ancient writings (Frank, 1957; Papaspyros, 1964 ). 
The first use of the term "diabetes" ( describing the drinking and polyuria - 'flowing as 
through a siphon') is attributed to Demetrios of Apamaima (second century BC). It is 
derived from the Greek word diabeinein. Aretaios (81-138 AD) gives the first exhaustive 
description of the symptoms, using the name diabetes: intolerable thirst, burning in the 
intestines, passages of large amounts of urine, and the two stages: chronic and acutely fatal. 
He however failed to observe the sweetness of diabetic urine. The sweetness of the urine 
was first referred to in the Indian Sanskrit Susruta ( third century BC) which also recorded 
its attractiveness to insects. Credit for the recognition that diabetes is not a single disorder 
rests initially with two Indian physicians, Chakrata and Susruta ( 600 BC), who recognised 
two forms of the disease, one associated with emaciation, dehydration, polyuria and 
lassitude, and the other associated with stout build, obesity and sleepiness (Simpson, 1976). 
The term "diabetes mellitus" describes a heterogeneous group of disorders 
that share in common an elevated blood glucose level (Vadheim and Rotter, 1992). It has 
long been well established that there are two main types of diabetes mellitus; Type 1 
diabetes and Type~ diabetes. They were previously termed (using the older nomenclature) 
as juvenile onset type and maturity onset type. From the clinical viewpoint they are also 
termed as insulin dependent diabetes mellitus (IDDM) and non-insulin-dependent diabetes 
mellitus (NIDDM). The main differences between Type 1 diabetes and Type 2 diabetes are 
summarised in Table 1.1. 
Globally, Type 2 diabetes outnumbers all other types of diabetes. In all 
populations, Type 2 diabetes is far more prevalent than Type 1 diabetes (Kirk et al., 1985). 
In Western countries, it constitutes approximately 90% of all cases of diabetes, and in 
certain groups, such as some American Indian tribes and populations in the South Pacific, it 
is the only form of diabetes (Harris and Zimmet, 1992). The lowest prevalence rates (less 
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than 2% of the adult population) are recorded among the Eskimos, Alaskan Athabascan 
Indians; certain ethnic groups on the Indian subcontinent, Japanese, Chinese and 
Indonesians (Diabetes Epidemiology Research International Group, 1988). The highest 
known prevalence rates are found among the Pima Indians and other native American 
groups (Knowler et al., 1978), Nauruans (Zimmet et al., 1977a) and other Pacific Islanders 
like Samoans and Tongans (Zimmet et al., 1977b; Zimmet et al., 1982). An exhaustive 
review of worldwide prevalences of NIDDM is given by Ekoe (1991). 
1.2 DETERMINANTS AND RISK FACTORS OF TYPE 2 DIABETES 
Type 2 diabetes results from the interaction of genetic and environmental 
factors. Although genetic susceptibility is probably a prerequisite, there are many factors 
that influence the development of Type 2 diabetes (henceforth referred to as NIDDM). 
Some factors related to the occurrence of NIDDM are probably only indirectly associated 
and cannot be directly implicated in its causation, others bear a more direct relationship to 
its development as determinants insofar as changes in the factor will result in an altered 
risk of developing the disease. 
1.2.1 GENETIC FACTORS 
Genetic susceptibility appears to be a prerequisite for the development of 
NIDDM, but the mode of inheritance is uncertain. NIDDM has lon·g been recognised as 
showing familial aggregation. The incidence and prevalence of NIDDM in first-degree 
relatives of subjects with NIDDM, however, are appreciably greater than in the general 
population (Everhart et al., 1985). Furthermore, because the disease is relatively frequent 
in the population, the occurrence of NIDDM in relatives cannot necessarily be taken as 
evidence that susceptibility has arisen from the same source, or even that affected relatives 
have the same form of NIDDM. Non-insulin-dependent diabetes mellitus is regarded as a 
heterogeneous group of disorders. NIDDM is a clinical term used to describe diabetes that 
is not truly insulin dependent. 
Earlier studies of the mode of inheritance made in relatively inbred 
populations with unusually high frequencies of NIDDM, such as the Pima and Seminole 
Indians, where the likelihood of affected individuals having a different form of NIDDM is 
small, were inconclusive (Steinberg et al., 1970; Elston et al., 1974 ), but provided 
indications of segregation of a major gene. More recently in the Pima Indians and 
N auruans, segregation analyses taking into account the high frequency of the disease in the 
background population and the variable penetrance with age, suggest that the distribution 
in families is best ascribed to inheritance of a single major codominant gene (Yamashita et 
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al., 1984; Serjeantson et al., 1984 ). However, these results cannot be taken as evidence that 
NIDDM is inherited in this way in all populations (Bennett et al., 1992). O'Rahilly et al. 
(1988a) are of the opinion that the mode of inheritance and the extent of genetic 
heterogeneity in NIDDM within populations will become clearer when individual genes 
that confer susceptibility to NIDDM are recognised. 
1) Twin Studies 
The earliest convincing evidence that familial aggregation of NIDDM was 
the result of genetic determinants arose from twins. Concordance rates for NIDDM in 
identical twins range from about 50% to 90% (Gottlieb et al., 1968; Barnett et al., 1981; 
Newman et al., 1987). This frequency is much greater than among non-identical twins, 
siblings or other first-degree relatives. Although twin studies indicate that there is greater 
genetic susceptibility to NIDDM, they provide no information about whether the disorder 
is caused by one or many genes, or about its mode of inheritance. Furthermore, evidence of 
concordance from the twin studies does not preclude the possibility that there are several 
distinct forms of NIDDM, each of which results in similar phenotypic expression. 
2) Hybrid Populations 
Other evidence supports the existence of the genetic determinants of the 
susceptibility to NIDDM. Studies of admixture populations, particularly among those with 
extraordinarily high frequencies of NIDDM such as American Indians (Stein et al., 1965; 
Knowler et al., 1988), Mexican-Americans (Gardner et al., 1984) and Nauruans 
(Serjeantson et al., 1983), have shown that the likelihood of developing NIDDM in 
offsprings of mixed heritage varies. In these groups, the frequency of diabetes among full-
heritage subjects is much higher than in those of mixed ancestry. Thus, the prevalence of 
NIDDM in these populations is a function of the degree of genetic admixture. In full-
blooded Pima Indians, for example, the prevalence of NIDDM is twice that in non-Indians, 
and those of half-Pima, half non-Indian ancestry are intermediate, even though the subjects 
reside in the same community and are exposed to the same environment (Knowler et al., 
1988). 
3) Ethnic Differences In The Same Environment 
Further evidence of the importance of genetic susceptibility in the aetiology 
of NIDDM comes from studies of different ethnic groups living in the same environment. 
Major differences in the frequency of NIDDM were first described among the different 
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ethnic groups resident in the state of Hawaii (Sloan, 1963) and in Afro-Caribbean and 
Indians living in Trinidad (Poon-King et al., 1968). Subsequently, differences in prevalence 
in other ethnic groups have been shown in many countries, for example among Chinese, 
Indians and Malays residing in Singapore (Thai et al., 1987), Polynesians and Melanesians 
in the Loyalty Islands (Zimmet et al., 1982), Asian Indians and Melanesians living in Fiji 
(Zimmet et al., 1983), Indians and Europeans in Great Britain (Mather and Keen, 1985), 
blacks and whites (Harris et al., 1987), Hispanics (Flegal et al., 1991) and different groups 
of Native Americans (West, 1974; Knowler et al., 1978; Sievers and Fisher, 1984) in the 
United States (see Table 1.2). 
4) Genetic Markers 
Other evidence of the importance of genetic susceptibility has emerged from 
studies of genetic markers. Associations between NIDDM and several genetic markers, 
including haptoglobins and Rhesus blood groups among Mexican-Americans (Stem et al., 
1986), Gm groups among American-Indians (Knowler et al., 1988) and vitamin D binding 
proteins (Ge* 1 allele) in Polynesians (Kirk et al., 1985) have been described. These 
associations are not seen in all populations and genetic linkage with these specific genetic 
markers has not been demonstrated, indicating that they are not necessarily in close 
proximity to the diabetes susceptibility genes and may well be on different 
chromosomes. These markers also serve as indices of genetic admixture within a population 
and their associations with NIDDM (but not genetic linkage with the disease) probably 
indicate that the level of genetic susceptibility to NIDDM is a function of the different gene 
pools within populations. On the other hand, associations between NIDDM and alleles in 
the HLA system ( also a strong marker of admixture) have been described in a number of 
rather homogeneous populations. Associations between the HLA allele, A2, and the 
occurrence of NIDDM have been described in the Pima Indians (Williams et al., 1981) and 
the Xhosa of So-µth Africa (Briggs et al., 1980), whereas relationships with HLA-B 
antigens, B22 and Bw61, have been described among Pacific populations (Serjeantson et 
al., 1982) and in Asian Indians from Fiji (Serjeantson et al. , 1981) and South Africa (Omar 
et al., 1988). Whether these markers simply represent a further example of genetic 
admixture within these populations or are possibly in linkage disequilibrium with a gene 
related to the development of NIDDM is not known at present (Bennett et al., 1992). 
Associations have been reported between NIDDM and RFLPs 
(restricted fragment length polymorphisms) related to genes considered to be 'candidate' 
genes, such as the insulin gene (Owerbach and Nerup, 1982; Rotwein et al., 1983), insulin 
receptor gene (McClain et al., 1988; Rabouch et al., 1989) and one of the glucose transport 
genes (Li et al., 1988), but some of these associations have not been replicated (Bell et al., 
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1981; Knowler et al., 1984; Elbein et al., 1985; Li et al., 1988). There is also a report of the 
association of NIDDM with an apo-Al gene polymorphism (Buraczynska et al., 1985). 
Some of these associations are probably the result of genetic admixtures as the frequencies 
of these RFLPs vary considerably in different ethnic groups (Rotwein et al., 1983; Hitman 
et al., 1984; Elbein et al., 1986). Nevertheless, if such RFLPs are in linkage disequilibrium 
with a major gene for NIDDM, such associations - which might not be present in all ethnic 
groups - might be an important signal implicating a particular candidate gene. On the other 
hand, linkage studies, using these markers to examine their consegretion with NIDDM in 
families, have been reported only in small pedigrees or in families with NIDDM with an 
early age of onset (Bell et al., 1983; O'Rahilly et al., 1988b, 1989). No study has shown 
unequivocal evidence of linkage. Conversely, convincing evidence that they are unrelated 
(i.e. not linked) to NIDDM (which can exclude a major gene close to the marker) has not 
been reported (Bennett et al., 1992). 
5) NIDDM In The Young 
NIDDM that occurs at a relatively early age-described as maturity onset 
diabetes of the young (MODY), Mason-Type diabetes or non-insulin-dependent diabetes 
of the young (NIDDY) - shows a distinct pattern of inheritance (Fajans, 1982). This form of 
NIDDM can have its onset in the teenage years or in young adults; it appears in successive 
generations of a family, and affects 40-50% of siblings. Thus, this form of NIDDM appears 
to be inherited as an autosomal dominant characteristic (Tattersall, ·1982). However, the 
detailed pathogenesis and natural history of this form of NIDDM has not been elucidated 
and, apart from its early age of onset, it may not differ in its aetiology and pathogenesis 
from other forms of NIDDM (Bennett et al., 1992). NIDDM occurs characteristically at 50 
years of age and over among Europeans, but it often occurs at earlier ages in Asiatic 
Indians and in other populations, eg., Pima Indians and Nauruans who have unusually high 
frequencies of the. disease. The form of NIDDM in these younger subjects appears to be 
similar to that in older subjects (Savage et al., 1979). 
1.2.2 ENVIRONMENTAL FACTORS 
The development of NIDDM is influenced substantially by environmental 
factors. Several lines of evidence can be cited. First, the frequency of development of 
NIDDM changes when populations move to a different environment. Second, there is 
evidence of large secular changes in the prevalence and incidence of NIDDM. These are 
far greater and have occurred much more rapidly than can be explained on the basis of 
genetic drift. Third, the occurrence of NIDDM within a population is related to 
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demographic and environmental characteristics such as age, the degree of obesity, physical 
activity, dietary habits and degree of modernisation. Modernisation refers to urban 
sedentary lifestyle with high dietary intake of saturated fats and refined carbohydrates and 
low intake of dietary fibres. Finally, even the intrauterine environment may alter the rate 
of development of NIDDM (Bennett et al., 1992). Hales and Barker (1992) have put 
forward a novel hypothesis termed the thrifty phenotype hypothesis, concerning the 
aetiology of NIDDM. The concept underlying their hypothesis is that poor foetal and early 
post-natal nutrition imposes mechanisms of nutritional thrift upon the growing individual. 
They proposed that one of the major long-term consequences of inadequate early nutrition 
is impaired development of the endocrine pancreas and a greatly increased susceptibility to 
the development of NIDDM. 
1) NIDDM In Migrant Populations 
Over the millennia, but especially during the last two centuries, human 
populations have moved from place to place. Migrants often move to an alien social, 
cultural, economic and geographic environment, and their way of life changes. The influence 
of the environment can be assessed by comparing the frequency of disease in migrants to 
that among persons (sedentes) who remained in the original environments. Differences can 
be examined in relation to the characteristics of the new and the original environments. 
Caution must be exercised in interpreting such studies, however, as those who migrate are 
not always identical to those who remain behind. Migration itself may be related to 
religion, socioeconomic status and geography. Thus, migrants may differ from the majority 
of the original population. Conversely, migrants may continue to practice many of their 
traditional, social, cultural and dietary habits or they may adopt the characteristics of the 
populations in their new environment to a varying degree. Over the course of a few 
generations their genetic pool may change as a result of admixture, even though the group 
may retain its original nominal identity. Nevertheless, in spite of these difficulties, studies 
of migrant populations off er an unique opportunity to examine the effects of genetic-
environmental interaction (Taylor and Zimmet, 1983). Studies of migrant populations have 
provided overwhelming evidence of the importan~e of environmental factors as 
determinants of NIDDM (Bennett et al., 1992). 
i) NIDDM In Asian Indians 
Populations of Asian Indian origin are found in many parts of the world. 
Numerous studies have been undertaken on Indians in India as well as expatriate Indians 
elsewhere. As early as 1907, it was emphasised by Bose (1907) that diabetes was a major 
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health problem among the well-to-do upper classes and the educated in Bengal. A detailed 
account of various studies on Indians in India and migrant Indians elsewhere is given in the 
next chapter. 
ii) NIDDM In Japanese Migrants 
Kawate et al. (1979a) had reported that even after adjustment for the degree 
of obesity, the prevalence of NIDDM in the Hawaiian Japanese remained almost twice that 
observed in the Japanese sedentes in Hiroshima, strongly suggesting that other 
determinants, perhaps related to dietary composition or degree of physical activity, were 
responsible for the differences. Kawate et al. (1979b) showed that the prevalence of 
diabetes in Japanese Americans living in Los Angeles was 11 %. Analogous results are 
found in Japanese residents of Seattle. Fujimoto et al. (1987) have reported that the 
prevalence of NIDDM of second-generation Japanese in Seattle was about 20% compared 
with 4.5% of the same age group living in Tokyo. 
iii) NIDDM In Israel 
Diabetes was reported to be rare among newly arrived immigrants from 
Yemen, but was much more common after long-term residence in Israel (Cohen et al., 
1979). The prevalence of NIDDM is reported to be higher among the Jews of North 
African origin than among those born in Israel (Donchin et al., 1984 ). A recent study among 
the factory workers in an urban environment, however, found the overall prevalence of 
diabetes to be lowest in workers of African and Asian origin (1.2% ), intermediate in those 
of American and Asian origin (4.9%) and highest (5.5%) in the Israeli-born (Stern et al., 
1988). 
iv) NIDDM In Chinese Populations 
Estimates of the prevalence of diabetes among Chinese emigrants vary 
considerably. The prevalence of known diabetes was reported in 1963 to be 1.8% amol].g 
the Chinese in Hawaii (Sloan, 1963), and more recently Thai and associates (1987) reported 
a prevalence of 4.3% in males and 3.6% in females in Singapore. On the other hand, West 
and Kalbfleisch (1966) found a prevalence of 7.4% in Malaya, based on glucose testing with 
a diagnosis of diabetes made in subjects with a plasma glucose level of 8.9 mmol/1 and over. 
A recent report from Taiwan (Tai et al., 1987) gives a prevalence rate of 7.6% in urban 
Chinese individuals. Another recent study conducted in Mauritius using the latest WHO 
(1985) criteria, reported that about 12% of those of Chinese origin aged 25 years and over 
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have NIDDM (Dowse et al., 1990). 
v) NIDDM In Pacific Islanders 
The prevalence of diabetes in Chamorros (Micronesians) was 3% and 8%, in 
males and females respectively, on the more traditional Marianas island of Rota, compared 
with 10% in males and 13% in females in Guam, and 10% in males and 14% in females 
who had migrated to California (Reed et al., 1973). 
Studies of migration in Polynesia in the late 1960s showed the inhabitants of 
Tokelau aged 25 years and over to have a prevalence of diabetes of 1 % in males and 3.3% 
in females, whereas Tokelauans who had migrated to New Zealand had an age-
standardised prevalence of 5.6% in males and 8% in females (Stanhope and Prior, 1980). 
The prevalence subsequently increased by 1976, i.e., 3.7% of males and 8.6% of females in 
Tokelau had diabetes, and 5.4% of males and 13.6% of females living in New Zealand had 
the disease. 
In 1980 the prevalence of diabetes standardised by age and sex, among 
Wallesians aged 20 years and over (by WHO criteria) in Wallis was 2.9% compared with 
11.6% in migrant Wallesians in New Caledonia (Taylor et al., 1983, 1985). Even after 
adjustment for differences in obesity, the prevalence was 6.6 times higher in males and 3.5 
times higher in the migrant women Wallesians in New Caledonia as compared to the 
sedentes in Wallis itself. 
2) Secular Changes In The Prevalence 
The prevalence of NIDDM increases with increasing age in most populations 
(Bennett et al., 1992). With the conquest of many infectious diseases and increasing life 
expectancy, the prevalence may be expected to increase in most parts of the world because 
of changing demography and the ageing of populations. In developing countries, events 
such as decreasing birth rates and lower mortality from infectious causes will change the 
age composition dramatically, and lead to populations where many more people will fall 
within the age range where NIDDM appears. 
Apart from increases in the frequency that result from changing demographic 
characteristics, there are many indications that the age-specific prevalence of NIDDM is 
increasing. In the USA, for example, the prevalence of diagnosed diabetes in persons aged 
18-74 years has increased from about 1 % in 1960 to 3.6% in 1980 (Harris, 1986). Several 
factors contributed to this increase: first, the average age of the population has increased 
modestly; second, widespread use of automated methods for the determination of plasma 
glucose levels led to increased recognition of previously undiagnosed diabetes; third, since 
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1970, mortality attributed to diabetes has decreased appreciably, as has mortality from 
cardiovascular disease, both of which probably reflect and result in increased survival 
among diabetics. However, since 1973, the annual age-specific incidence of NIDDM has 
been stable, suggesting that the increasing prevalence since that time is largely the result of 
the demographic changes and decreasing mortality. 
An increasing prevalence of diabetes has also occurred in Australia, although 
the overall frequency is still only about one-half that in USA (Glatthaar et al., 1985). A 
similar increase in the prevalence, not explained by demographic changes, has been 
reported from Great Britain, but could not reflect increased detection, a decrease in 
diabetes mortality, a true increase in incidence, or a combination of these factors (Neil et 
al., 1987). 
Although these studies leave some doubt as to whether or not there has been 
a true increase in the incidence of diabetes, there are a few studies that demonstrate that 
the increase is real in some populations. Among American Indians and a number of 
Polynesian and Micronesian groups, diabetes was reported to be rare before 1940 (West, 
1974, 1978). However, by the mid-1960s diabetes was much more frequent. For example, in 
1967 the prevalence of NIDDM among Pima Indians of Arizona was estimated to be 10-15 
times that of the US population (Bennett et al., 1971), and over the next 10-year period the 
age-adjusted incidence of diabetes, i.e. the rate of development of new cases, was about 20 
times higher than in the predominantly Caucasian community of Rochester, Minnesota 
(Knowler et al., 1978). Between 1970 and 1980 the prevalence of diabetes (adjusted for age 
and sex) among the Pima Indians increased by 42% (Bennett and Knowler, 1979), primarily 
as a result of a greater incidence of the disease which increased by over 40% in the same 
interval (Knowler et al., 1987). This study is unique in that the same systematic methods 
and criteria for assessing prevalence and incidence were used throughout. 
Only environmental factors can explain such increases. The secular changes, 
therefore are further evidence of the importance of environmental determinants for 
NIDDM. 
3) Sex 
The relative frequency of NIDDM in reJation to gender varies. In many 
populations, as in the USA as a whole, there is a higher prevalence of NIDDM in females 
than in males (Harris et al., 1987). On the other hand, in some countries such as India 
(Ahuja, 1979) and Nauru (Zimmet et al., 1977a), a male excess has been demonstrated. The 
differences in sex ratio of diabetes in different societies can probably be explained by 
differences in the relative frequency of obesity and physical activity among the sexes in 
different cultures and ethnic groups (Bennett et al., 1992). 
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4) Age 
The prevalence of NIDDM increases with age in most populations although 
some studies show a fall in the oldest age groups (Bennett et al., 1992). Prevalence, 
however, represents the balance between cumulative rate of development of new cases 
( cumulative incidence) and the effect of differential mortality among those with the 
disease. This limits the inferences that can be made when only prevalence data are 
available. Furthermore, prevalence data can be seriously influenced by secular changes in 
incidence. To examine the effect of age on the occurrence of NIDDM from an aetiological 
point of view it is necessary to have incidence data. 
Few studies of the age-specific incidence of diabetes have been conducted 
(Bennett et al., 1992). In the USA, the National Health Interview Surveys have estimated 
the incidence of diabetes, based on a diagnosis during the preceding 12 months, on 
numerous occasions (Everhart et al., 1985). These studies indicate that incidence increases 
up to the ages of 65-74 years, with no further rise in those aged 75 years and over. These 
findings are essentially consistent with those from Rochester, Minnesota, where the age-
specific incidence of NIDDM shows a progressive increase with advancing age (Neil et al., 
1987). 
In contrast, the age-specific incidence of NIDDM in the Pima Indians peaks 
between 40 and 50 years, but then falls sharply thereafter (Knowler et al., 1978). These 
peak incidence rates in the Pima, about 60 per 1000 person-years, were three times higher 
than in the older US population where the highest rates were approximately 20 per 1000 
person-years (Palumbo et al., 1976). The difference in these patterns is remarkable, but 
may relate to the extent of obesity among the Pima as well as to their genetic susceptibility 
to the disease. When the patterns are examined according to the degree of obesity, 
incidence is extremely high at an early age in those who are extremely obese and then falls 
dramatically (Knowler et al., 1981). This suggests that obesity may advance the onset of 
diabetes. 
5) Physical Activity 
Few studies have seriously addressed the relationship of NIDDM and 
physical activity (Bennett et al., 1992). Physical activity certainly influences glucose 
metabolism (Bogardus et al., 1984 ). Plasma glucose and insulin levels during glucose 
tolerance tests in marathon runners are lower than those of untrained subjects of similar 
weight (Lohmann et al., · 1978). This suggests that training or physical fitness increases 
insulin sensitivity. Conversely, profound physical inactivity, eg., bed rest, is associated with 
development of abnormal glucose tolerance with high insulin levels, suggesting that insulin 
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resistance is promoted by inactivity (Lipman et al., 1972). In spite of these observations, 
few epidemiological studies of physical activity and diabetes have been performed 
(Bennett et al., 1992). 
Lindgarde and Saltin (1981) reported that the frequency of impaired glucose 
tolerance (2-hour glucose values greater than 6.9 mmol/1) was significantly higher in 
normoglycaemic men who were physically inactive during their leisure time. An 
epidemiological study of Melanesian and Indian men in Fiji reported the prevalence of 
diabetes to be twice as high in those considered sedentary or undertaking only light 
activities, compared with those performing moderate or heavy exercise - differences which 
remained when the confounding effects of age and obesity were taken into account (Taylor 
et al., 1984). Frisch et al. (1986) reported that the prevalence of diabetes among women 
who participated in college athletics, and who tended to remain more active in later years, 
was one-half that in women who had not participated in athletics in college. Although 
limited in number and scope, these studies suggest that physical activity may be a major 
determinant of NIDDM. 
6) Diet 
Diet has long been suspected to have a role in the development of diabetes. 
As early as the sixth century, Hindu physicians attributed diabetes to overindulgence in rich 
foods (Bennett et al., 1992), and by 1875 Bouchardat (1875) had clearly described what we 
now call NIDDM as being associated with obesity. He also observed that the rates of 
diabetes declined during the Siege of Paris and attributed this to food shortages. 
Subsequently, Himsworth (1935) showed that diabetes mortality declined markedly during 
the 1914-18 war in Berlin and Paris, both cities with severe food shortages, whereas in New 
York and Tokyo, where there were no food shortages, mortality from diabetes remained 
constant or even increased. 
Himsworth and Marshall (1935) also pioneered case-control studies of 
nutrition and diabetes and reported that before the onset of symptoms, diabetics consumed 
diets of greater energy content and greater fat consumption. He also showed a relationship 
between mortality rates from diabetes in different countries and the proportion of fat 
contained in the diet. Subsequent studies (Yudkin, 1964; Trowell, 1974) implicated an 
excessive consumption of sugar and refined carbohydrates, and showed an inverse 
relationship between the prevalence of diabetes and the consumption of fibre-rich starchy 
foods. 
The interpretation of such studies, based on inter-country comparisons and 
temporal trends in mortality, however, are confounded by differences in genetic 
susceptibility, physical activity, obesity etc., in the respective countries and may not reflect a 
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causal effect of diet on the occurrence of diabetes. 
A high energy intake can result in an increased frequency of diabetes. 
Japanese sumo wrestlers consume 4500-6500 kilocalories per day, compared with a typical 
Japanese diet of about 2500 kilocalories (Irie et al., 1983 ). The sumo, after several years of 
training, including dietary manipulation to attain the body necessary to be effective, 
become active wrestlers for about 10 years before retiring in their late thirties. Many 
develop diabetes even while still competing, and more than 40% of retired wrestlers have 
NIDDM (Bennett et al., 1992). The frequency of diabetes in sumo wrestlers, especially 
after their retirement, may be primarily attributable to their high energy intake, which leads 
to obesity and then later to NIDDM. 
Kawate et al. (1979) examined the relationship of NIDDM to diet among 
Japanese participating in the Hiroshima-Hawaii migrant study. In Hawaii the prevalence of 
diabetes is about twice that found in Hiroshima but obesity is also considerably more 
frequent. Nevertheless, in spite of the higher prevalence of obesity, the energy intake of the 
Hawaiian Japanese was much similar to the inhabitants of Hiroshima. On the other hand, 
the Hawaiian Japanese consumed approximately twice as much fat, less complex 
carbohydrate and almost three times as much simple carbohydrates as their counterparts in 
Hiroshima. This study suggests that if diet plays a part in the development of diabetes, its 
effects may be mediated by the interplay of dietary intake ( or possibly composition) and 
physical activity, which in turn determines both the level of obesity and the incidence of 
NIDDM. 
There are only three reports of prospective studies of NIDDM and diet 
(Bennett et al., 1992). Medalie et al. (1978) found no effect of diet or its composition on the 
incidence of diabetes among Israeli men in a 5-year prospective study. Among 187 non-
diabetic Pima Indian women aged 25-44 years, of whom 87 developed diabetes in the 
subsequent decade, total carbohydrate intake and complex carbohydrate intake were 
positively related to the incidence of NIDDM (Bennett et al., 1984 ). The diabetes incidence 
in the upper tertile of starch consumption was approximately twice that in the lower tertile. 
On the other hand, the intake of simple carbohydrate (sugar) bore no relationship to the 
incidence of the disease. As carbohydrate intake, fat consumption and total energy intake 
are strongly related to each other, this study, while suggesting that carbohydrate intake is 
perhaps the most important, cannot be taken to implicate only this component of the diet. 
This study does however, indicate that excessive food intake is associated with an increased 
incidence of NIDDM. Recently, Stampfer et al. (1988) reported that the incidence of 
NIDDM in women who had a moderate alcohol intake was lower than in those who drank 
less. However, obesity was less common in the moderate drinkers and the strength of the 
relationship was reduced, but not obliterated, after adjusting for obesity. Other dietary 
factors were not assessed. 
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Investigations of the role of diet in NIDDM has been particularly difficult 
because dietary interventions are used in the treatment of NIDDM. This seriously 
compromises the case-control approach. The complex interrelationship between dietary 
intake, obesity and energy expenditure, all of which are implicated to one degree or 
another in the pathogenesis of NIDDM, certainly suggests that there may be more than 
casual role of diet in the pathogenesis of the disease (Bennett et al., 1992). 
7) Obesity 
The term obesity has been defined as 'excess fatness' or 'fatness leading to 
pathology'. On the other hand, fatness or adiposity is 'the amount and distribution of fat'. 
Obesity ( excess body fat) has long been recognised as risk factors in the aetiology of 
arteriosclerosis, NIDDM, hypertension, and other degenerative conditions associated with 
higher mortality. 
The relationship between obesity ( excess fat deposition) and diabetes has 
been recognised for centuries (West, 1978). Although obesity is neither a prerequisite nor 
does it guarantee the development of NIDDM, the World Health Organisation Expert 
Committee on Diabetes (1980) concluded that the most powerful risk factor for NIDDM is 
obesity. However, the nature of the relationship between obesity and diabetes has been, 
and remains controversial (Bennett et al., 1992). Available evidence suggests that obesity 
may advance the onset of diabetes (Knowler et al., 1981) and if so, avoidance of obesity 
should postpone its onset (Bennett et al., 1992). However, some obvious questions remain 
unanswered. Do the obese develop NIDDM more frequently, or do those prone to NIDDM 
develop obesity more frequently? Are both NIDDM and obesity each independently the 
result . of excessive energy consumption, or are the genes or genes that result in 
susceptibility to diabetes and obesity the same? 
There is clear evidence that NIDDM is more frequent among obese subjects, 
but it is also apparent that only a small proportion of the obese develop diabetes. 
Conversely, many non-obese also develop NIDDM (Bennett et al., 1992). Moreover, the 
relationship between the occurrence of NIDDM and obesity measured at a point in time is 
complicated because diabetes itself may lead to weight loss: most patients with diabetes are 
encouraged to lose weight and some do so; others continue to gain weight even after 
diabetes has developed. 
Nevertheless, where incidence studies have been performed, there is 
universal agreement that NIDDM is a function of previous obesity (Knowler et al., 1981; 
Ohlson et al., 1985). This is true among male executives (Dunnet et al., 1970), in the studies 
in Framingham, Massachusetts (Wilson et al., 1981), Norway (Westland and Nicolaysen, 
1972), Sweden (Ohlson et al., 1987), Oxford, Massachusetts (O'Sullivan and Mahan, 1965), 
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Israel (Medalie et al., 1979; Madan et al., 1986), the Pima Indians (Palumbo et al., 1976) 
and Nauru (Balkau et al., 1985). 
In most epidemiological studies, BMI (body mass index) has been used to 
estimate overall obesity. Such indices, however, fail to discriminate body fat from muscular 
and skeletal mass (Bose, 1992). The impact of obesity (measured as BMI) as a risk factor 
appears to vary among different populations and by sex. For example, the use of BMI is not 
a strong predictive risk factor in Asians living in Britain (Cruickshank and Beevers, 1989; 
Simmons et al., 1989; McKeigue et al., 1991). A detailed account of the role of BMI (used 
as an indicator of obesity) as a risk factor of NIDDM is given in the Review of the 
Literature Chapter. 
8) Distribution Of Obesity 
Vague (1956) was the first to point out that there may be different types of 
human obesity, depending on the bodily distribution of fat, and that susceptibility to 
chronic diseases like diabetes may depend on this fact just as much as it depends on obesity. 
He stated that a relative excess of subcutaneous fat on the trunk in contrast to the 
extremities is associated to NIDDM rather than obesity per se. Furthermore, he emphasised 
that individuals with android (upper body) obesity had more risk of developing diabetes 
compared with those with gynoid (lower body) obesity, i.e., 
Android Obesity = More Risk 
(Upper Body or Male Type Obesity) 
Gynoid Obesity = Less Risk 
(Lower Body or Female Type Obesity) 
Extensive research has been conducted to study the interrelationship 
between anatomical distribution of subcutaneous fat and NIDDM. The first prospective 
study of body fat patterning as a risk factor for NIDDM was conducted by Ohlson (1985). 
He showed that the body fat distribution measured by the waist/hip ratio was a much 
stronger predictor of the incidence of diabetes as compared to overall adiposity as 
measured by body mass index. Fat topography is a biological characteristic with far-
reaching metabolic implications (Bose, 1992). However, although numerous studies have 
been undertaken on the morphological distribution of subcutaneous fat as a risk factor for 
NIDDM in some populations, e.g., Dogrib Indians in Canada (Szathmary and Holt, 1983), 
Mexican Americans (Mueller et al., 1984), Swedes (Ohlson et al., 1985), French 
(Ducimetieri et al., 1986) and Japanese Americans (Newell-Morris et al., 1989) very little 
work has been done to study the relative fat patterning in other high risk ethnic groups. In 
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fact, to date, no detailed study has been conducted on Asian Indians to elucidate the role of 
relative fat patterning as a risk factor for diabetes (Bose, 1992). The role of body fat 
distribution in the pathogenesis of NIDDM is dealt with extensively in the next chapter. 
1.2.3 OTHER DETERMINANTS 
1) Impaired Glucose Tolerance 
Subjects with impaired glucose tolerance (IGT) by current WHO (1985) 
criteria are at high risk of developing NIDDM, and all those who do so pass through a 
phase when they have IGT (Bennett et al., 1992). Subjects with IGT may subsequently 
develop diabetes, may return to normal or may retain impaired tolerance, but a high 
proportion of the subjects will develop NIDDM (Jarrett et al., 1979; Keen et al., 1982; 
Sasaki et al., 1982; Kadowaki et al., 1984; Sicree et al., 1987; Saad et al., 1988). The results 
of some of the studies are given in Table 1.3. 
Although all studies indicate an increased risk for the development of 
diabetes in persons with IGT, this risk is related to the severity of IGT. Subjects with IGT 
tend to be obese, and more often have a family history of NIDDM than similarly aged 
subjects with normal glucose tolerance (Harris, 1989). They have higher fasting and 
post load insulin levels and a greater degree of insulin resistance than normoglycaemic 
subjects (Savage et al., 1975; Lillioja et al., 1988). Hypertension and hyperuricaemia are 
found with increased frequency and mean serum cholesterol levels are higher in those with 
IGT than in comparably aged persons with normal glucose tolerance (Modan et al., 1985; 
Harris, 1989). 
There is little information on factors that lead to development of IGT. 
Among Nauruans, age and a higher 2-hour post load insulin concentration were the only 
measures that predicted transition from normal glucose tolerance to IGT (Sicree et al., 
1987). Similar findings are seen in the Pima Indians in whom higher 2-hour insulin levels 
relative to the gluc~se level predict worsening among those with normal glucose tolerance 
(Knowler and Bennett, 1983). Even in those with normal glucose tolerance who develop 
IGT, and ultimately diabetes, fasting and 2-hour insulin levels are appreciably higher than 
in controls whose glucose tolerance remains normal {Saad et al., 1989). During the 
transition from normal glucose tolerance to IGT, fasting and post load insulin levels, 
obesity and insulin resistance increase (Lillioja et al. , 1988; Saad et al., 1989). 
2) Insulin Resistance 
Insulin resistance is a major determinant for development of N1DDM. The 
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risk of developing NIDDM in those with normal or impaired glucose tolerance is strongly 
related to circulating insulin levels (Kadowaki et al., 1984; Sicree et al., 1987; Saad et al., 
1988). The fasting insulin level is an index of insulin-mediated glucose disposal. Subjects 
with high fasting insulin levels have a much higher risk of developing IGT and NIDDM 
than persons with lower fasting insulin levels (Saad et al., 1989). Insulin resistance of this 
type appears to precede the development of NIDDM in the majority who develop NIDDM 
in the presence of obesity (Knowler et al., 1986; Bogardus et al., 1987; Sicree et al., 1987; 
Saad et al., 1988). Insulin resistance is associated with several other abnormalities: besides 
obesity (particularly central obesity) and glucose intolerance, insulin resistance has been 
implicated as a factor that may contribute to hypertension, and is associated with increased 
circulating very-low density lipoprotein, increased triglyceride levels, reduced high-density 
lipoprotein concentrations and hyperuricaemia (Madan et al., 1985; Reaven, 1988). The 
strength of these relationships, however, varies from one population to another, and the 
extent to which insulin resistance represents a syndrome with common sequelae or the 
extent to which insulin resistance modifies the expression of other abnormalities is 
uncertain (Reaven, 1988). 
In addition to the greater risk of development of diabetes in individuals with 
insulin resistance, populations with a high incidence of NIDDM are characterised by 
hyperinsulinaemia. Studies among the Pima Indians (Aronoff et al., 1977), Nauruans 
(Zimmet et al., 1978; Zimmet et al., 1979), Australian aborigines (O'Dea et al., 1988), 
Mexican-Americans (Haffner et al., 1986) and Asian Indians (Mohan et al., 1986) have 
shown the average fasting and stimulated insulin levels, even in subjects with normal 
glucose tolerance, are greater than in non-diabetic Caucasoid controls with identical 
degrees of glucose tolerance. This observation suggests that insulin resistance is 
characteristic of populations at high risk of developing NIDDM (Nagulesparan et al., 1982). 
3) Urban And Rural Environment 
Many studies show a higher prevalence of NIDDM in urban environments 
than in rural ones (Zimmet et al., 1983; Tai et al., 1987; Taylor et al., 1985; Fatani et al., 
1987; Papoz et al., 1988; King et al., 1984; Martin et al., 1980; Patel et al., 1986). Although 
there is little difference in the prevalence of NIDDM ip. developed countries, studies in 
many developing countries show a prevalence of NIDDM several times greater in urban 
than in rural populations. Results of some of the studies are summarised in Table 1.4. 
Reasons for these differences are uncertain, but in developing countries many features 
of the urban and rural environment differ. 
In urban areas, occupational activities are more often sedentary than in rural 
areas where agriculture is the predominant occupation. Urban dwellers are usually more 
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obese, due to reduced physical activity and/ or increased energy intake. The diet in urban 
areas often contains a greater proportion of refined carbohydrates, less fibre and more fat 
than in the rural environment. Urbanisation is also often associated with increased alcohol 
consumption and increased smoking. The differences between rates of NIDDM in urban 
and rural populations in developing countries suggest that the combined effects of reduced 
physical activity, changes in diet and increasing obesity are important factors in determining 
the risk of diabetes (Bennett et al., 1992). Other concomitant changes usually include 
increases in blood pressure and in serum total cholesterol levels in the urban groups. 
1.3 HYPOTHESES 
Three main hypotheses have been postulated to explain the high prevalence 
of NIDDM in certain populations. 
1) Thrifty Gene Hypothesis 
Neel (1962, 1982) postulated that NIDDM was the result of interaction 
between the environment and genes that may protect individuals and permit survival of the 
population when food supply is erratic. He proposed the 'Thrifty Gene' hypothesis as a 
possible explanation for the high prevalence of diabetes in certain populations. He 
suggested that individuals with genes that favour conservation and storage of energy in 
times of plentiful food supply - the 'thrifty' genotype - have a greater likelihood of survival 
in periods of famine. Such individuals would subsequently reproduce and continue the 
group. Hence, they had an adaptive advantage in natural selection. If so, he argued, over 
many generations this would lead to a high frequency of the 'thrifty' gene. Once episodic 
famines disappeared, as in the recent history of mankind, such a genotype would become 
deleterious and hence a burden. Under conditions of ample food supply, those with this 
genotype - which had formerly been advantageous - would develop obesity and other 
deleterious consequences such as insulin resistance, hyperinsulinaemia and NIDDM. Thus, 
in populations that experienced intermittent famines throughout their history but now have 
an ample food supply, NIDDM and obesity would occur in high frequencies. Drake (1991) 
has summarised the role of the 'thrifty gene' in certain pqpulations (Figure 1.1) with a high 
prevalence of NIDDM. 
Although the 'thrifty gene' hypothesis can probably explain the high 
prevalence of NIDDM in certain isolated populations, it does not offer a comprehensive 
explanation as to why so many other ethnic groups have high frequency of diabetes. A more 
broad-based hypothesis is the 'Westernisation' hypothesis. This hypothesis probably gives 
a more plausible explanation as to why many populations have high prevalences of 
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diabetes. 
2) Westernisation Hypothesis 
The secular changes in NIDI)M prevalence, the high prevalence in urban 
environments and the extraordinary prevalences of NIDDM in populations such as the 
Nauruans and Pima Indians have been attributed to increasing 'Westernisation' (Bennett et 
al., 1992). The rates of NIDDM in populations such as the Asian Indians, Japanese living in 
a Western environment, many tribes of American Indians, including the Pima, and several 
groups of Micronesians and Polynesians, however, far exceed the rates of NIDDM 
observed in Western Europe and the USA. The epidemic of NIDDM (and obesity) in 
these populations may represent a first stage in adaptation to this new environment. 
Future generations of these populations may modify their way of life and adapt to the 
extent that their rates of NIDDM may eventually approach those of the host country 
(Bennett et al., 1992). This appears to have occurred for some other diseases and there is 
one report in Mexican-Americans suggesting that this may occur in NIDDM (Hazuda et al., 
1988). 
On the other hand, some other populations who now have a 'Western' life-
style have not experienced these epidemics of NIDDM to the same extent (Bennett et al., 
1992). Examples include the Eskimos (Schraer et al., 1988), the non-Austronesian 
Melanesian populations in the Solomon Islands (Eason et al., 1987) and Papua New 
Guinea (Martin et al., 1980), and perhaps some native African tribes (Patel et al., 1986). 
Whether or not such groups have a reduced genetic susceptibility to NIDDM is unknown. 
Certainly, NIDDM is now recognised more frequently among them than earlier in the 
century but is still less common than in the Caucasoid population (Bennett et al., 1992). 
This may reflect the fact that changes in life-style have occurred only during the past 20 
years, and that exposure to the new environment has not yet been sufficient to lead to full 
expression of the diabetic genotype. Alternatively, such populations may have never been 
exposed to periodic_ famines during their history and consequently, by natural selection, 
may not have developed high frequencies of the 'thrifty' gene (Bennett et al., 1992). 
3) Thrifty Phenotype Hypothesis 
Hales and Barker (1992) have proposed a 'thrifty phenotype hypothesis' of 
the aetiology of NIDDM. The essence of the hypothesis is that poor nutrition in foetal and 
early infant life are detrimental to the development and function of the B-cells of the islets 
of Langerhans. Such defects of structure and function, which may include more complex 
features of islet anatomy such as the vasculature and innervation, predispose to the later 
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development of NIDDM. Existing evidence points to a key role for protein and amino acids 
in this process but other nutritional defects are not excluded. Indeed the complex 
interactions of the type and timing of nutritional defects in early life are suggested as 
underlying the pathogenesis of the variable abnormalities sometimes described as 
'Syndrome X'. Whilst these early changes powerfully determine susceptibility, additional 
factors such as such as obesity, ageing, physical inactivity, and possibly other processes 
leading to insulin resistance must also play a role in deciding the time of onset and severity 
ofNIDDM. 
A definition of the term 'hypothesis' used by scientists is 'a provisional 
supposition which accounts for known facts, and serves as a starting point for further 
investigation by which it may be proved or disproved'. However, since the aetiology and 
pathogenesis of NIDDM is multifactorial and complex, it is unlikely that any of the three 
hypotheses mentioned here can be proved or disproved. Therefore, in this context, these 
three cannot be strictly termed as hypotheses. 
1.4 PATHOGENESIS OF NIDDM 
NIDDM is a genetically determined disease which when fully established, is 
characterised by fasting hyperglycaemia, obesity, plasma insulin concentrations that are 
lower than expected for the ambient plasma glucose concentrations, insulin resistance and 
increased rates of hepatic glucose production (Bennett et al., 1992). Comprehensive 
longitudinal studies of these metabolic variables in subjects who initially have normal 
glucose tolerance and who later develop NIDDM have not been published. Thus, the 
current hypothesis concerning the natural history of the development is constructed from 
cross-sectional studies and limited longitudinal data. 
The data available indicate that obesity is usually, but not always, precedes 
the development of NIDDM, and that obesity is a significant predictor of the development 
of the disease (Bennett et al., 1992). However, obesity alone is insufficient as a cause of 
NIDDM. A detailed description of the role played by obesity in the pathogenesis of 
NIDDM is given in.the next chapter. 
Bennett et al. (1992) have given the proposed sequence of events in the 
pathogenesis of NIDDM. A diagrammatic representation of the sequence is given in Figure 
1.2. Cross-sectional data from several populations including Caucasoids, Nauruans and 
Pima Indians, as well as longitudinal data among Pima Indians, suggest that the 
development of IGT and mild NIDDM is associated with decreased insulin action in viva. 
Whether the insulin secretary response to the insulin resistance is also insufficient and 
contributes to the development of IGT and mild NIDDM remains controversial. The 
transition from IGT and mild NIDDM to a more severe NIDDM can be explained 
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satisfactorily on the basis of decreasing plasma insulin concentrations and increasing rates 
of hepatic glucose production. 
The mechanism of the decreased insulin levels remains unknown, but recent 
studies support the hypothesis that the prolonged mild hyperglycaemia of IGT and mild 
NIDDM may result in an acquired 13-cell insensitivity to glucose. This hypothesis of 
'glucose toxicity' is also consistent with rriany observations demonstrating recovery of 
insulin secretion following therapy with diet, oral sulfonylureas and insulin. 
Increasing hepatic glucose production may be a result of hepatic insulin 
resistance, but the relationship between the degree of hepatic insulin resistance and 
accelerated hepatic glucose production has not been determined. Potentially more 
important is the role of an increased flux to the liver of three-carbon substrates that 
stimulate gluconeogenesis. The increased supply of substrates may be linked to peripheral 
insulin resistance, increased FFA (free fatty acid) levels and declining peripheral insulin 
concentrations. 
1.5 OBJECTIVES OF THE STUDY 
The main objectives of the study were as follows: 
i) To study the variation in disease prevalence and risk factor profiles in adult 
Asian and White males. 
ii) To study in detail the relative body fat patterning in three ethnic groups, 
Indians, Pakistanis and Whites. 
iii) To study the effect of age on the metabolic and blood pressure variables in 
adult Indian, Pakistani and White males. 
iv) To study the interrelationships of anthropometric, metabolic and blood 
pressure variables and indices in the three ethnic groups. 
v) To determine the effect of generalised adiposity (measured as body mass 
index) independent of age, on fasting blood glucose, total cholesterol and 
systolic blood pressure in the three ethnic groups. 
vi) To determine the effect of central body adiposity (independent of age and 
the level of generalised adiposity) on fasting blood glucose, total cholesterol 
and systolic blood pressure in the three ethnic groups. 
vii) To determine the effect of upper body adiposity (independent of age and the 
level of generalised adiposity) on fasting blood glucose, total cholesterol and 
systolic blood pressure in the three ethnic groups. 
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viii) To determine whether the various risk factors of non-insulin-dependent 
diabetes mellitus, hypercholesterolaemia and hypertension have similar 
effects in adult Asian and White males in the British population. 
ix) To find robust and predictable anthropometric and metabolic variables and 
indices which may be useful in explaining disease variation. 
1.6 UTILITY OF THE RESEARCH 
The data generated will be useful in the following ways: 
1) Screening for: 
i) Fasting blood glucose levels will detect new diabetics. 
ii) Total cholesterol levels will detect individuals with hypercholesterolaemia. 
iii) Systolic and diastolic blood pressure will identify individuals with 
hypertension. 
2) Using various indicators of adiposity, the type and extent of obesity prevalent 
in the· ethnic groups will be determined. 
3) The study will gain new insight into the effect of generalised adiposity and 
regional adiposity on fasting blood glucose, total cholesterol and systolic 
blood pressure in adult Asian and White males. 
4) It will be possible to determine the most important predictive variables of 
non-insulin-dependent diabetes mellitus, hypercholesterolaemia and 
hypertension in adult Asian and White males. 
1.7 SUMMARY OF CONTENTS 
Chapter 2 provides a review of the literature on the prevalence of diabetes 
and its associated risk factors in Asians, both in India as well as elsewhere. The chapter 
includes an extensive account of previous epidemiological investigations in Britain which 
have dealt with both Asians and Whites. The role of obesity and body fat patterning as a 
risk factor of NIDDM is dealt with in detail in this chapter. The chapter also reviews 
various aspects of obesity including an anthropological perspective on the biocultural 
evolution of obesity, an approach to the classification of obesity, epidemiology of obesity, 
genetics of obesity, various aspects of regional obesity, the relationship between obesity 
and diabetes, and glucose metabolism in obesity and diabetes. It .also outlines the utility 
and limitations of anthropometric measurements and ratios in studying body fat 
distribution. The study population and study design are described in chapter 3. This 
includes a detailed description of the methods of data collection. The results of the data 
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collection and analyses are presented in chapters 4, 5, 6, 7 and 8. Chapter 4 provides 
information obtained on socio-demographic characteristics and the distribution of various 
indicators of lifestyle in Whites, Indians and Pakistanis. The chapter also describes the 
results dealing with the prevalences of diabetes, hypercholesterolaemia and hypertension in 
Asians and Whites. Detailed analyses of heterogeneity of anthropometric, metabolic and 
blood pressure variables and indices between·the three ethnic groups are given in chapter 5. 
The chapter also describes the results of discriminant analyses utilising anthropometric and 
metabolic variables and indices of the ethnic groups. The interrelationships of 
anthropometric, metabolic and blood pressure variables and indices in the three ethnic 
groups are elucidated in chapter 6. Chapter 7 deals with generalised adiposity and its effect 
on metabolic variables and systolic blood pressure while chapter 8 studies regional 
adiposity and its effect on the metabolic variables and systolic blood pressure in the ethnic 
groups. Chapter 8 also describes the most important predictive anthropometric variables 
and indices of the metabolic variables and systolic blood pressure in the ethnic groups. 
Chapter 9 discusses the findings of all the results chapters. The final conclusions and 
recommendations are outlined in chapter 10. Tables and Figures are given at the end of the 
relevant chapter. 
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TABLE 1.1: MAIN DIFFERENCES BETWEEN IDDM AND NIDDM. 
Distinguishing 
characteristics 
Clinical 
Onset 
Beta cell number 
Endogenous insulin 
Family studies 
Twin studies 
Insulin response 
to glucose load 
Associated with 
other autoimmune 
endocrine diseases 
and antibodies 
Islet cell antibo-
dies and pancreatic 
cell-mediated 
immunity 
HLA associations 
and linkage 
Association with 
DNA variable region 
near the insulin 
gene 
Mutant insulin 
IDDM 
TYPE 1 
(JUVENILE ONSET 
TYPE) 
Thin; ketosis prone; 
insulin required for 
survival; onset pre-
dominantly in child-
hood and early adul-
thood 
Rapid 
Much reduced 
(less than 10%) 
Absent or low 
Increased prevalence 
of juvenile or type 1 
Less than 50% conc-
ordance in monozyg-
otic twins 
Flat 
Yes 
Yes 
Yes 
Yes 
(small inserts) 
No 
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NIDDM 
TYPE 2 
(ADULT ONSET TYPE) 
Obese; ketosis resi-
stant; often treata-
ble by diet or drugs 
onset predominantly 
after age 40 years 
Insidious 
Moderate reduction 
Moderate/high 
- early in DM. 
low - later in DM. 
Increased prevalence 
of maturity or type 
2 
Close to 100% conc-
cordance in monozy-
gotic twins 
Variable 
No 
No 
No 
No 
Rare cause 
I 
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TABLE 1 . 2: NIDDM PREVALENCE (USING WHO CRITERIA) IN DIFFERENT 
ETHNIC GROUPS IN THE SAME COUNTRY. 
country Reference Ethnic Group Age Group Prevalence 
(years) (%) 
Australia Glatthaar et al . Caucasoid 25 + 3.4 
(1985) 
Cameron et al. Aboriginal 20 + 15.6 
(1986) 
Fiji Zimmet et al. Melanesian 20 + 6.9 
(1983) Indian 14.8 
Mauritius Dowse et al. Creole 25 + 12.1 
(1990) Indian 12.6 
Chinese 15.8 
Papua King et al. Melanesian 20 + 0.7 
New (1984) (Austronesian) 
Guinea Melanesian 4.0 
(Non-Austronesian) 
Singapore Thai et al. Chinese 18 + 4.0 
(1987) Malay 7.6 
Indian 8.9 
Solomon Eason et al. Melanesian 18 + 0.7 
Islands (1987) Micronesian 6.3 
Surinam Schad et al. Creole 30 + 11. 2 
(1985) Indian 10 . 7 
Indonesian 2.7 
U.S.A. Harris et al. White 20 - 74 6.1 
(1987) Black 9.9 
Flegal et al . Mexican 20 + 12.6 
(1991) 
Knowler et al. Pima Indians 20 + 34 . 1 
(1978) 
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TABLE 1.3 : INCIDENCE OF NIDDM IN SUBJECTS WITH GLUCOSE 
INTOLERANCE. 
subjects Reference Criteria · Duration Subjects 
(n) of developing 
follow-up NIDDM 
(years) ( % ) 
Caucasoid Jarrett 2-h BG 
men et al. 6.7 - 11.0 5 15 
(181) (1979) mM 
(capillary 
blood) 
Caucasoid Keen 2-h BG 10 15 (241) et al. 6.7 - 11.0 
(1982) (capillary 
blood) 
Japanese Sasaki WHO IGT 7 39 (13) et al. 
(1982) 
Japanese Kadowaki 1-h BG > 8.9 8.7 - 17 (288) et al. mM 2.6 
(1984) 2-h BG 7.2 -
13. 3 mM 
(capillary 
blood) 
Nauruans Sicree WHO IGT 6 26 (51) et al. 
(1987) 
Pima Saad WHO IGT 5 27 
Indians et al. 10 61 (388) (1988) 
BG= Blood glucose 
Subjects 
reverting 
to normal 
tolerance 
11 
53 
39 
NA 
39 
NA 
NA 
WHO IGT = Impaired glucose tolerance by World Health Organisation 
criteria. 
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TABLE 1.4 : PREVALENCE OF NIDDM IN RURAL AND URBAN ENVIRONMENTS 
IN DIFFERENT ETHNIC GROUPS IN THE SAME COUNTRY. 
country 
Fiji 
(Indian) 
(Melan-
esian) 
Kiribati 
(Micro-
nesian) 
Papua 
New 
Guinea 
(Austro-
nesian) 
Saudi 
Arabia 
(Arab) 
Solomon 
Islands 
(Melan-
esian) 
Taiwan 
(Chinese) 
T .. ** un1s1a 
Wallis 
(Poly-
nesian) 
Reference 
Zimmet 
et al. 
(1983) 
King 
et al . 
(1984) 
Patel 
et al. 
(1986) 
Martin 
et al. 
(1980) 
Fatani 
et al . 
(1988) 
Eason 
et al. 
(1987) 
Tai 
et al . 
(1987) 
Papoz 
et al. 
(1988) 
Taylor 
et al. 
(1985) 
Age 
Group 
(yrs) 
~ 20 
~ 20 
~ 18 
~ 15 
~ 18 
~ 40 
~ 20 
Rural 
Urban 
Rural 
Urban 
Rural 
Urban 
Rural 
Urban 
Rural 
Urban 
Rural 
Urban 
Rural 
Urban 
Rural 
Urban 
25 - 64 Rural 
Urban 
Subjects With NIDDM* 
Men Women Total 
(%) 
12.7 
14.1 
1.7 
4.8 
3.0 
9.1 
8.0 
9.2 
4.3 
9.1 
0 .0 
o.o 
4.4 
6.9 
2.3 
4.6 
1. 4 
'11. 5 
(%) 
12.9 
12.3 
1. 7 
8.2 
3.3 
8.7 
5.6 
17.0 
9.6 
6.6 
1. 4 
1. 5 
5.1 
8.5 
0.6 
3.5 
3.5 
13.2 
( % ) 
12.8 
13.2 
1.7 
6.5 
3.2 
8.9 
6.4 
14.3 
6.6 
7.8 
0.7 
0.8 
4.7 
7.6 
1.5 
4.1 
2.5 
12.4 
* Using 75-g oral glucose testing and WHO criteria. 
** Fasting plasma glucose~ 140 mg/dl. 
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FIGURE 1.1: TRADITIONAL SOCIETY, MODERN SOCIETY AND THE THRIFTY 
GENE. 
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FIGURE 1.2 : PATHOGENESIS OF NIDDM. 
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CHAPTER 2 
A REVIEW OF THE LITERATURE 
2.1 EPIDEMIOLQGY OF DIABETES IN ASIANS OF THE 
INDIAN SUBCONTINENT 
2.1.1 Background 
The history of diabetes mellitus in India dates back to the sixth century AD 
when Hindu physicians recognised it as being caused by an overindulgence of oil and sugar 
and were also able to identify the two separate types. It was called madhumeh (sweet urine) 
or bahumoothra ( excess urination) and was colloquially identified as sugar disease (Sen, 
1893). 
A higher frequency of diabetes in the native population on the east coast of 
India compared with Eurasians, Jews, Armenians, Europeans, and Americans was 
recognised before the turn of the century (Sen, 1893). Although authentic population data 
were not available before the 1950s, clinical reports (Bose,1895; Bose, 1907; McCay et al., 
1919) suggest that the prevalence of diabetes was high by that time especially in middle-
aged, affluent and obese Indians (McCay et al., 1916; Mukherjee, 1973). 
2.1.2 Migrant Asians 
People from the Indian subcontinent have migrated to other lands for 
centuries. The modern history of Indian emigration dates from the beginning of the 
colonial system of indentured labour in 1834 (Kondapi, 1951; Tinker, 1974). This led to the 
creation of Indian communities in Mauritius (from 1834), the West Indies (from 1838), 
Natal (from 1860), The Straits Settlements (from 1877), Fiji (from 1879) and East Africa 
(from 1896) (McKeigue et al., 1989). The main agencies responsible for recruiting 
indentured labourers were in Calcutta and Madras. Indians leaving through Calcutta came 
mainly from the United Provinces and Bihar, with smaller numbers from Bengal, Orissa, 
Oudh, Punjab and North-West Provinces. Those emigrating through Madras were mostly 
Dravidian people from Madras State (riow Tamil Nadu) and Andhra Pradesh. Hindus 
exceeded Muslims by about 9 to 1, and many from the South had been converted to 
Christianity before their departure (McKeigue et al., 1989). 
Other Indians travelled through the British Empire on their own initiative, 
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particularly to East and Central Africa. Many of these entrepreneurs and professionals 
came from Gujarat, Bombay Presidency and Goa. The indentured labour system was 
banned by the Viceroy in 1917 but a steady migration of traders, professionals and their 
families has continued ever since. Indian migrants continued to arrive in East Africa until 
the enactment of legislative bans in 1954. With independence and subsequent political 
changes, large numbers of Indians in East Africa were forced to move to India, Europe or 
North America (McKeigue et al., 1989). 
There are records of people from the Indian subcontinent living in Britain 
since at least the end of the 17th century (Visram, 1986). Most of the migration from the 
Indian subcontinent occurred after the 1950s and was prompted by economic motives. The 
only sizeable migration of a political nature since the 1950s have been of Asians from East 
Africa (Balarajan and Soni Raleigh, 1993). Migration to Britain from the Indian 
subcontinent increased after 1960 and reached a peak around 1966-67 (Lomas, 1974 ). 
Migrants to Britain from Gujarat and Punjab came from rural areas (Rose, 1969). Most had 
been agricultural or manual workers but their literacy rate was higher than that of the 
general population. Migrants from Pakistan and Bangladesh were from poorer backgrounds 
than those from the North of India (McKeigue et al., 1989). According to Balarajan and 
Soni Raleigh (1991), 2.9% of the total population of England and Wales are ethnic 
minorities (Indians, 1. 7%; Pakistanis, 0.9% and Bangladeshis, 0.3%) originating from the 
Indian subcontinent. 
2.1.3 Impaired Glucose Tolerance 
Impaired glucose tolerance (IGT) replaced the confusing terms of chemical, 
borderline, subclinical, symptomatic, and latent diabetes in the WHO classification 
(National Diabetes Data Group, 1979; WHO, 1980; Editorial, 1980). Subjects in this 
category are not at risk of microangiopathy, but are at risk of large vessel disease and 
coronary heart disease in association with factors such as obesity, serum lipoprotein 
abnormalities, and haemostatic factors (O'Sullivan and Mahan, 1968; Jarret and Keen, 
1976; Birmingham Diabetes Survey Working Party, 1976; Jarret et al., 1979; Fuller et al., 
1980; Keen et al., 1982; Jarret et al., 1982; Keen et al., 1984; Kadowaki et al., 1984 ). 
Although the risk of diabetes is greater in those with IGT than in normoglycaemic subjects 
(WHO, 1980; Editorial, 1980), the proportion of subjects ·with IGT progressing to diabetes 
over a 10-year period varies from 13 to 52% with a progression of 1-5% per year (National 
Diabetes Data Group, 1979). In all studies, the baseline blood glucose concentration was 
· the most powerful and consistent predictor of subsequent diabetes (Zimmet and King, 
1985), with the roles of other factors such as BMI and the insulin response to a glucose load 
remaining controversial (Motala et al., 1987). Much of the variability is probably due to the 
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well-known imprecision of the OGTI (Yudkin et al., 1990). There are very few studies 
(Ramachandran et al., 1988) from India (Table 2.1) assessing the prevalence rates of IGT 
using 1985 WHO criteria (1985), with most of the studies (Zimmet et al., 1983; Omar et al., 
1985; Beckles et al., 1986; Dowse et al., 1990; Swai et al., 1990) being in migrant Asians 
(Table 2.2). Figures ranged from 6.0% in South Africa to 18.1 % in Muslims in Dar-es-
Salaam, all higher than in India itself. 
2.1.4 Prevalence of NIDDM in the Indian Subcontinent 
Some of the published studies on the prevalence of diabetes mellitus in India 
are summarised in Table 2.3. Ideally, the studies should be grouped on the basis of the 
diagnostic criteria adopted, but a critical literature search showed that very few studies had 
similar criteria for diagnosis. The studies are arranged in a chronological order. Thus, the 
tabulated results are the general prevalence figures from various parts of India. 
Only two studies (Ramachandran et al., 1988; Kodali and Alberti, 1990) have 
utilised the 1985 WHO diagnostic criteria. As anticipated, the prevalence of diabetes 
mellitus is higher in surveys advertised as diabetes detection camps screening the risk 
groups (Sainani et al., 1966; Viswanathan et al., 1966) and in hospital-based studies 
(Mukherjee et al., 1973). Within the same state in India, e.g., Andhra Pradesh, the 
prevalence varies (Rao et al., 1966; Vigg et al., 1972; Murthy et al., 1984) from 2.5% (age > 
10 years) to 5.3% (age > 15 years). The prevalence may vary within rural villages where 
heterogeneous populations co-exist, as known in Gangavathi (Kodali and Alberti, 1990) 
where natives had a prevalence of 2.2% compared with rural-rural migrants with a 
prevalence of 9.1 %. Little information is available from the north-west desert region of 
Rajasthan state; the north-eastern states of Assam, Manipur, Meghalaya, Nagaland; Bihar; 
and from Pakistan (Ramaiya et al., 1990). 
Diabetes is more prevalent in the urban than in the rural populations. In 
Orissa state, India (Tripathy et al., 1971), the prevalence of diabetes (age > 10 years) 
adjusted for WHO (1985) criteria, was 2% in urban Cuttack and 0.5% in rural Badachana 
(McKeigue et al., 1989). In the Indian Council of Medical Research (ICMR) study, an oral 
glucose tolerance test was done in urban and rural population samples of similar size in 
Ahmedabad, Calcutta, Cuttack, Delhi, Pune, and Trivandrum in those aged 15 years and 
above (Gupta et al., 1978). The urban prevalence rate varied from 0.9% in Delhi to 3.7% in 
Ahmedabad. In the rural areas, it varied from 1.1 % on Pune to 1.9% in Ahmedabad. The 
overall prevalence rate was 2.2%, with 3.0% in urban and 1.3% in rural areas. For the 
whole of India the prevalence was 1.7%. Further analysis of the Ahmedabad data showed 
no correlation between caloric intake and prevalence of diabetes in the urban population, 
in contrast to the rural population, where there was an inverse relationship (Gupta et al., 
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1982). Khan (1983) has found similar results in Bangladesh. Further studies are necessary 
to explain this relationship between undernutrition (in calories and protein), body mass 
index, and the occurrence of diabetes (Ekoe, 1991). 
Ramachandran et al. (1988) have shown a high prevalence of diabetes in an 
urban population in south India using WHO (1985) diagnostic criteria. The overall 
prevalence of diabetes was found to be 5% in the age group 20 years and above. The 
surprising outcome was that when the age of the study population was adjusted to the age 
distribution of the Indians living in Southall, London and in Fiji, the prevalence increased 
to 10 and 9% respectively. Similar findings were obtained in the Daryaganj survey in New 
Delhi (Varma et al., 1986), where the prevalence of known diabetes was found to be similar 
to that seen in a migrant Indian population (Mather and Keen, 1985). 
Recently, Gill et al. (1990) found the prevalence of NIDDM in a Punjabi 
population of north India in urban areas (Chandigarh, 9.23%; Simla, 8.18%) to be four 
times (relative risk = 3.71) higher as compared to rural (Basi and Kharar, 2.36%) areas. 
The difference in prevalence was statistically significant across urban-rural dichotomy and 
corroborated the 'epidemiological transition' model. The prevalence rates in the urban 
areas were similar to those reported in migrant Indians overseas. 
These studies show that the high prevalence of NIDDM seen in migrant 
Indians is now also seen in India, suggesting an ethnic susceptibility to diabetes which is 
revealed with exposure to common environmental factors. 
Among the religious groups of India, Parsees had the highest prevalence of 
diabetes followed by Christians and Hindus (Patel et al., 1966). The higher prevalence in 
Christians was attributed to the improvement in their socio-economic status after 
converting to Christianity. 
On the basis of available data, the prevalence of diabetes in Bangladesh is 
about 1.6% of the total population (Ekoe, 1991). However, no nationwide diabetes survey 
has been completed in Bangladesh. West and Kalbfleisch (1966) had reported a prevalence 
of 1 % in urban and rural populations ( aged more than 30 years) in Bangladesh. 
2.1.5 Prevalence of NIDDM in Migrant Asians from the Indian Subcontinent 
Asians from the Indian subcontinent have received greater attention m 
diabetes studies because of their migration in large numbers before and after colonisation 
(Ramaiya et al., 1990). Among migrant Asians, the first report of an excess of NIDDM in 
comparison with other ethnic groups was from Saigon (South East Asia) in 1913 (Montel, 
· 1913). Numerous studies (Table 2.4) have shown that migrant Asians have higher 
prevalence rates of NIDDM compared with other ethnic groups. The prevalence of 
diabetes in migrant Indians was initially found to be higher than in the population residing 
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in the Indian subcontinent (Ahuja et al., 1974; Ahuja, 1979) and is also usually higher than 
in the predominant racial group or other racial groups in the host country (Table 2.4 ). 
The findings of some of these studies on migrant Asians and other ethnic 
groups residing in the same country are summarised in Table 2.4. 
Also, wherever they are, they appear to have higher morbidity and 
mortality from coronary heart disease than the indigenous population. This has been 
reported from countries with long-established Indian populations such as Singapore 
(Chen, 1980), Fiji (Tuomilehto et al., 1984), South Africa (Wyndham, 1982), Trinidad 
(Beckles et al., 1986) and the United Kingdom (Donaldson and Taylor, 1983; Balarajan et 
al., 1984; McKeigue and Marmot, 1988; Balarajan, 1991). 
Migration (a move from one environment to another, be it external or 
internal) may lead to an increase in the prevalence of NIDDM in a number of ethnic 
groups going in parallel with social and cultural changes (Taylor and Zimmet, 1983). The 
environmental factors may unmask NIDDM in a genetically susceptible individual, and it 
appears to be a disease associated with a changing lifestyle including increased longevity, 
dietary changes from traditional foods, and increased stress (Escwhege et al., 1985). The 
prevalence of NIDDM is also higher in other migrant groups (Ramaiya et al., 1990). 
Before drawing any conclusions with reference to the high prevalence of 
NIDDM in migrant Asians, careful comparisons are required with the information 
available in India. The problem is compounded by the different diagnostic criteria used for 
defining NIDDM and the age structure of the study populations. Recent data from India 
indicate that the prevalence rates have either been underestimated in the past or are rising 
(Varma et al., 1986; Ramachandran et al., 1988; Gill et al., 1990; Kodali and Alberti, 1990). 
Recently, Ramaiya et al. (1991a) reported that there existed large variations in the 
prevalence rates in the different communities of Hindus. Hence, the differences in the 
prevalence rates observed in migrant Asians in different countries and in different parts of 
India could well be due to differences between communities (Ramaiya et al., 1990). 
Further studies are required to investigate these differences. 
2.1.6 Known Vs. Unknown Diabetes 
In recent years, several surveys have been conducted in India to assess the 
prevalence of known diabetes (Varma et al., 1986; Vernia et al., 1987; Rao et al., 1989). 
Using similar questionnaires, the results were compared with those of urban Indians 
(Mather and Keen, 1985) in Southall, London (Table 2.5). These studies will, however 
· underestimate the magnitude of the problem, depending on the health awareness, literacy, 
and the availability of health care to the populations interviewed (Ramaiya et al., 1990). 
Table 2.5 summarises the results of surveys of known diabetes in India as well as migrant 
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Asians using questionnaires. 
The ratio of known to unknown diabetes (Table 2.6) varies widely (Gupta et 
al., 1978; Patel, 1986; Ramachandran et al., 1988). In India, one unknown diabetic was 
present for each known diabetic among 3516 adults in the city; whereas in the rural 
areas (n = 3495), there were 12 unknown diabetics (Gupta et al., 1978). In the rural-rural 
migrant survey in India, the ratios of known to unknown diabetics were 1: 1 in the migrants 
and 1:3 in the local population (Kodali and Alberti, 1990). Therefore, extrapolation of the 
results of the questionnaire surveys to determine the prevalence is difficult. In the 
Mauritius study (Dowse et al., 1990), for each 10 known cases of diabetes, there were 14 
men and 13 women who were newly diagnosed during the survey. In Indian Muslims, the 
ratio of new to known cases was 1:1 for both men and women as compared with Indian 
Hindus with ratios of 1.6 and 1.3 respectively. 
With more than one million Asians in Great Britain and as more young reach 
middle age, an appreciable increase in the number of diagnosed diabetes can be expected. 
According to the latest census (OPCS, 1991), only 20% of Asians (Indians, Pakistanis and 
Bangladeshis) are aged 45 years and over. Thus, Asians have a comparatively young age 
structure, and as they age, increasing numbers will enter the high risk ages for NIDDM. 
2.1. 7 Smoking 
Studies have consistently shown lower rates of smoking among Indian and 
Pakistani migrants than in the White population (Balarajan and Y eun, 1986; McKeigue et 
al., 1991). Balarajan and Yeun (1986) reported very low rates of smoking among individuals 
born in the Indian subcontinent (Table 2.7). Amongst Asian subgroups, Sikhs have a very 
low prevalence of smoking ( 4%) which is related to religious prohibition (McKeigue et al., 
1991). In contrast to the relatively low prevalence amongst most Indians and Pakistanis, 
Bangladeshi men have been found to have a very high prevalence ( approximately 80%) of 
smoking (Silman et al., 1985; McKeigue et al., 1988). Cohen (1981) also reported high 
prevalence rates in sedentes in Bangladesh. 
Three · recent studies in Britain (Miller et al., 1988; Knight et al., 1993; 
Shaukat et al., 1993) have reported that the prevalence of smoking is significantly lower in 
Asians compared with Whites. 
In Trinidad, the proportion of men who smoked 20 or more cigarettes a day 
was higher in Indians than in Africans but smoking habit failed to explain the difference in 
mortality between these groups (Beckles et al., 1986). In a survey in Fiji, the proportion of 
men who had ever smoked was less in Indian than Melanesian men (Sicree et al., 1988). 
Hughes et al. (1990) reported that Indian men smoked less than Malay men but more than 
Chinese men. In a survey in Tanzania, Ramaiya et al. (1991a) found large variations in the 
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prevalence of smoking between different subgroups of Asians. Results of recent studies on 
the prevalence of smoking in Asian men (both in the subcontinent as well as migrant 
Asians) are summarised in Table 2.8. Recent studies from West Bengal (India) have 
reported very high prevalence of smoking. Mukherjee et al. (1988) observed that 86% of 
males of a rural West Bengal fishing community smoked regularly while Majumdar et al. 
(1990) found the prevalence of smoking in males from a sedentary rural population of West 
Bengal to be 72.9%. Thus, studies from India have reported large variations in the 
prevalence of smoking depending on the population studied and the geographical location 
within the Indian subcontinent. 
2.1.8 Alcohol Consumption 
Studies have consistently shown frequencies and levels of alcohol 
consumption are lower in Asians as compared with Whites (Balarajan and Yeun, 1986; 
Miller et al., 1988; Waterson and Murray-Lyon, 1989). Although Islam prohibits the use of 
alcohol, there has been significant use amongst the other Asian subgroups, namely Hindus 
and Sikhs. Studies and clinical impressions have indicated very high alcohol-related 
morbidity rates among ethnic minority groups where Sikh men predominate (Mather and 
Marjot, 1989; Clark et al., 1990). The explanation may be related to the suggestion that they 
have a higher consumption of spirits, but further studies are required. Balarajan and Y eun 
(1986) reported very low rates of alcohol consumption among individuals born in the 
Indian subcontinent (Table 2.9). Two recent studies in Britain (Miller et al., 1988; Knight et 
al., 1993) have reported that alcohol consumption was significantly less in Asians as 
compared with Whites. 
Hughes et al. (1990) have reported low consumption of alcohol in Indians 
from Singapore. Ramaiya et al. (1991a) have also reported a very wide range in the 
prevalence of alcohol consumption in the various subgroups of Asians studied. Results of 
some of the recent studies on the prevalence of alcohol consumption in migrant Asian men 
are summarised Table 2.10. 
Studies from India have reported large variations in the prevalence of 
alcohol consumption depending on the population studied and the geographical location 
within the Indian subcontinent. Mukherjee et al. (1988) and Majumdar et al. (1990) have 
reported very low prevalence rates of alcohol consumption (4.6% and 7.3% respectively) in 
rural populations in West Bengal (Table 2.11). A recent study by Gill et al. (1990) reports 
wide variations in the prevalence of alcohol consumption in different populations of North 
India. 
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2.1.9 Hypertension 
Hypertension is common in the Indian subcontinent (Gupta et al., 1979; 
Islam et al., 1983). In a survey in Durban, South Africa, hypertension was found to be less 
common in Indians than in Africans or Europeans, though the design did not control for 
observer differences (Seedat and Seedat, 1982). In Guyana, blood pressures were higher in 
African men and women than in Indians; differences which could be explained by the 
larger body size of adults of African descent (Florey et al., 1971). In Trinidad, adults of 
Indian origin had a similar prevalence of hypertension to those of European and mixed 
origin, and lower rates than adults of African descent (Miller et al., 1985). In Fiji, mean 
systolic blood pressure was similar in Indian and Melanesian men (Sicree et al., 1988). 
Hughes et al. (1990) reported that Indians had lower mean systolic blood pressure than 
Malays but similar to those of the Chinese. There were no differences in diastolic blood 
pressure in the three ethnic groups. Also, MaJays had the highest ( although not significantly 
different) prevalence of hypertension while there were no difference between the Indians 
and Chinese. Ramaiya et al. (1991a) found that there existed a wide variation in mean 
systolic and diastolic blood pressure levels as well as the prevalence of hypertension within 
the various Asian communities in Tanzania. 
Allawi et al. (1988) reported that Asian diabetics had significantly lower 
mean systolic blood pressure (not diastolic) than White diabetics. They also found that 
mean diastolic blood pressure and prevalence of hypertension were similar in both ethnic 
groups. McKeigue et al. (1988) reported that mean systolic (but not diastolic) pressure was 
10 mmHg lower in Bangladeshis than in Europeans while Hughes et al. (1989) found that 
mean diastolic (not systolic) blood pressure was significantly lower in Asians as compared 
with Whites. Miller et al. (1988) did not find any significant differences in systolic and 
diastolic blood pressure between Asians and Whites. McKeigue et al. (1991) observed that 
Sikhs and Punjabi Hindus (but not Gujarati Hindus and Muslims) had significantly higher 
systolic blood pressure as compared with Whites. The Asians had higher diastolic blood 
pressure than the Whites. Recently, Knight et al. (1993) reported that Asians had 
significantly lower inean systolic (but not diastolic) blood pressure than the Whites. They 
also found that Asians had lower prevalence of hypertension as compared with Whites. 
Table 2.12 summarises the main surveys of systolic and diastolic blood pressure as well as 
the prevalence of hypertension in migrant Asians. 
Numerous studies have been conducted in India on the prevalence of 
hypertension. Padmawati (1959) reported a prevalence rate of 1.73% among rural and 
· industrial workers in Delhi, while Gupta et al. (1977) found the prevalence rate to be 3.6% 
in a rural population in Rohtak, North India. In a study in Ludhiana, North India (Khurana 
et al., 1981) found 2.65% of industrial workers and 14.08% of executives to be 
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hypertensive. Another study in Haryana, North India (Gupta and Siwach, 1984) found 
prevalence rates of 5% and 8% among 35-44 and 45-54 years age groups respectively. 
Prevalence rates of 6% and 7% were reported (Sharma, 1985) among industrial workers 
aged 40-45 and 50-59 years respectively from Ludhiana, North India. Mean systolic and 
diastolic blood pressure reported in this study were 129/84 and 136/91 in the two age 
groups respectively. These are some of the highest blood pressures reported from 
developing countries (Nissinen et al., 1988). In a rural population of Sundergarh (India) 
prevalences of 5% and 9% were observed in age groups 41-50 and 51-60 respectively 
(Dash, 1986). The mean systolic and diastolic pressure reported in this study for the two age 
groups were 124/82 and 130/84 respectively. Mukherjee et al. (1988) found that education 
and smoking (inverse association) exerted opposite effects on blood pressure in a rural 
(West Bengal) fishing community. Very low mean systolic and diastolic blood pressure 
(mean SBP = 106.2 and mean DBP = 61.1) as well as low prevalence of hypertension 
(1.42%) were observed in a sedentary agricultural population of West Bengal (Majumdar et 
al., 1990). Environmental variables like occupation and tobacco use did not have any direct 
significant effect on blood pressure variability in this population. Gill et al. (1990) reported 
that there existed large differences in mean systolic and diastolic blood pressure as well as 
the prevalences of hypertension between diabetic and non-diabetic subjects in a study from 
North India. Recently, Agarwal et al. (1994) found the overall prevalence of hypertension 
in a rural population from Aligarh, North India to be 1.81 %. They also found that obesity, 
smoking, alcohol consumption, age, upper socio-economic status, were positively related 
with hypertension. Majumdar et al. (1994) reported that 17% of the Marwaris studied in 
Calcutta were hypertensive. The mean systolic and diastolic blood pressure were 125.3 and 
82.3 respectively. Although very low prevalence of hypertension (7%) have been reported 
from Bangladesh, there are thought to be some 2 million hypertensive people in 
Bangladesh (Nissinen et al., 1988). Table 2.13 presents the findings of some of the main 
studies on the prevalence of hypertension in India. In India, the rural populations generally 
have a lower mean blood pressure than the urban populations (Dalal, 1978). 
2.1.10 Generalised Obesity 
In 1980, the second WHO Expert Committee on Diabetes, concluded that the 
most powerful risk factor for NIDDM was obesity (WHO, 1980). In the western world, two-
thirds or more of patients with diabetes are obese (West, 1980) as compared with NIDDM 
subjects in India where obesity is not common (Mohan et al., 1986): Previous studies have 
shown both a strong (Medalie et al., 1978; WHO, 1980; Knowler et al., 1981) and a weak 
(Ahuja, 1976; Zimmet, 1982; Nicholl et al., 1986; Ramachandran et al., 1988) relationship 
of BMI (Body Mass Index) with diabetes. Ahuja (1976) from comparisons between India 
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and Indians in Malaysia and South Africa, concluded that the difference in diabetes 
prevalence in Indians abroad could not be explained on the basis of adiposity. Zimmet et al. 
(1983) could not explain the high prevalence of diabetes in the Fiji Indian population on 
the basis of BMI. Indians in Cape Town, South Africa were more overweight than migrants 
from Malaysia (Marine et al., 1969), whereas obesity was less frequently seen in Indians in 
Singapore than in the Malays and Chinese (Cheah and Tan, 1980). However, it should be 
pointed out that the migrant Indians in a few studies were mainly from northern India 
(Wright and Taylor, 1958; Mather and Keen, 1985), whereas in others they were from south 
India (Cheah et al., 1980; Cassidy, 1967). Hence inter-ethnic differences have to be 
accounted for. 
Nicholl et al. (1986) could not attribute the markedly higher diabetes 
prevalence in U.K. Asians as compared with Europeans solely to the greater degree of 
adiposity in the former group. In South Africa, there was no correlation between BMI and 
fasting or 2-h plasma glucose levels over the entire range of BMI in Indians, thereby 
negating the role of obesity as a risk factor for glucose tolerance. Omar et al. (1985) 
therefore thought that the effects on glucose tolerance became significant only after a 
certain threshold of BMI, i.e., 25 or 27. In rural-urban comparisons of diabetes prevalence 
also, the high prevalence rates in the urban population cannot be explained on the basis of 
obesity as seen in Western Samoan Polynesians, Puetro Rican men (Eschwege et al., 1985), 
and more recently indigenous Africans in Tanzania (Ahren and Corrigan, 1984 ). 
Ramachandran et al. (1988) found that only a quarter of diabetics were obese in an urban 
population in south India. 
Numerous studies in the U.K. have shown that Asians have significantly 
lower mean BMI values as compared with Whites (McKeigue et al., 1988; Hughes et al., 
1989) while others (Miller et al., 1988; Allawi et al., 1988; Cruickshank, 1989; McKeigue et 
al., 1991; Knight et al., 1993) have reported that Asians had lower (although not 
significantly) mean BMI values than Whites. Simmons et al. (1989) did not find any 
difference in body mass index between Asian and White subjects. However, they stated that 
fat distribution and the relation between weight and height may be different in Asians. 
Hughes et al. (1990) found that Indians had lower mean BMI values than 
Malays but similar to those in the Chinese in Singapore. Dowse et al. (1991) reported that 
Hindus and Muslims had lower BMI values than the Chinese but similar to those in the 
Creoles in Mauritius. They also reported that BMI was an important independent risk 
factor for both IGT and NIDDM in all the ethnic groups studied. Ramaiya et al. (1991a) 
reported that there existed large variations in the mean BMI values between the different 
Hindu communities in Tanzania. Recent studies of BMI in migrant Asian males are 
summarised in Table 2.14. 
Two recent studies in India (Gill et al., 1990; Shelgikar et al., 1991) have 
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shown that diabetics have similar or even lower mean BMI values compared with non-
diabetics (Table 2.15). Shelgikar et al. (1991) reported that the prevalence of obesity (BMI 
2: 27; 21 % ) was lower in people with NIDDM than that reported in White Caucasians and 
migrant Asian populations. 
Thus, it seems that BMI is not a strong and consistent risk factor for diabetes 
in Asians in the Indian . subcontinent as well as migrant Asians elsewhere. Body fat 
patterning may play a more important role as a risk factor for diabetes in Asians. 
2.1.11 Body Fat Distribution 
Although body fat distribution has been shown to be a more robust risk factor 
than BMI for diabetes in many ethnic groups like the Dogrib Indians in Canada (Szathmary 
and Holt, 1983), Mexican-Americans (Mueller et al., 1984) and Swedes (Ohlson et al., 
1985), very little work has been done to study the relative fat patterning in Asians. Most of 
the epidemiological studies on Asians have utilised only BMI as a measure of obesity. 
Extensive perusal of the literature reveals that only a few studies (Table 2.16) have dealt 
with distribution of body fat as a risk factor of diabetes in Asians. The results of these 
studies are summarised in Table 2.16. 
Zimmet et al. (1983) found that Indians in both urban and rural areas had 
significantly higher mean triceps skinfold values compared with Melanesians although the 
latter had significantly higher BMI than the former. Miller et al. (1988) reported that 
Asians had significantly higher mean sum of four (biceps + triceps + subscapular + 
suprailiac) skinfolds than Whites and West Indians although there were no significant 
differences in the mean BMI values of the three ethnic groups. Hughes et al. (1989) found 
that the mean waist to hip ratio (W:H) ratio was significantly higher in Asian patients than 
in White patients although the latter had a higher mean BMI value as compared to the 
former. McKeigue et al. (1991) reported that all the Asian subgroups studied (Silchs, 
Punjabi Hindus, Gujarati Hindus and Muslims) had significantly higher mean W:H ratios 
than the Whites. The Asians also had significantly greater trunk ( subscapular and 
suprailiac) skinf olds -than the Whites. Both Asians as well as Whites had similar mean 
values of extremity (triceps, anterior thigh and suprapatellar) skinfold measurements. Thus, 
they concluded that Asians had a pronounced tendency to central obesity. Dowse et al. 
( 1991) concluded that abdominally distributed fat (W :H ratio) was an important 
independent risk factor for diabetes and IGT in all the ethnic groups (Hindus, Muslims, 
Creoles and Chinese) studied in Mauritius. The mean W:H ratio was lowest in the Creoles, 
highest in the Chinese and intermediate in the Hindus and Muslims. Furthermore, W :H 
ratio conveyed similar risk for NIDDM and IGT in each ethnic group. Waist-Hip ratio 
conveyed relatively stronger risk for NIDDM than BMI in women, whereas the converse 
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was true in men. 
There seems to be only one study (Shelgikar et al., 1991) in India dealing with 
body fat patterning as a risk factor for diabetes. Shelgikar et al. (1991) reported that waist-
hip ratio was higher in both IGT and diabetic subjects than in non-diabetic subjects, with no 
difference between the hyperglycaemic groups. Fasting as well as 2-h plasma glucose 
concentrations during OGTI were found to be significantly related to waist-hip ratio and 
subscapular skinfold fat thickness but not to body mass index or triceps fat thickness. Thus, 
they concluded that in native Indians, central obesity seems to have a more important 
association with hyperglycaemia than generalised obesity. 
Therefore, it can be seen that previous investigations which have dealt with 
body fat patterning as a risk factor for NIDDM in Asians have confined the anthropometric 
measurements to only waist-hip ratio and a few skinfolds. No study has dealt with 
anatomical distribution of adiposity as a risk factor for NIDDM in Asians in detail. 
2.1.12 Total Cholesterol 
A high average cholesterol, in excess of 5.2 mmol/1 is considered a factor 
necessary for the occurrence in a population of NIDDM and CHD on a mass scale (WHO, 
1982). Values at or above this level have been reported (Table 2.7) for urban groups of 
relatively high socio-economic status in various parts of India, but not in the middle and 
lower socio-economic groups (Gopalan and Ramathan, 1956; Mathur et al., 1959; 
Padmavati et al., 1959; Srivastava and Sinha, 1966; Tyagi, 1971; Ban, 1972; Raman et al., 
1976; Werner and Sareen, 1978; Rao and Sastry, 1980; Gandhi, 1982; Knuiman et al., 1982; 
Shanmugasundaram et al., 1983; Ramachandran et al., 1988; Majumdar et al., 1994). 
Comparisons of this type are difficult to interpret since population sampling procedures 
and laboratory techniques are frequently not comparable. Mean concentrations tend to be 
higher in Asians overseas (Table 2.18) than in the subcontinent (Shaper and Jones, 1959; 
Ashcroft et al., 1970; Knuiman et al., 1982; Miller et al., 1984; McKeigue et al., 1985, 1988, 
1991; Saha, 1987; Sicree et al., 1988; Miller et al., 1988; Hughes et al., 1989; Hughes et al., 
1990; Ramaiya et al. , 1991a; Shaukat et al., 1993; Knight et al., 1993), but not necessarily 
higher than in other ethnic groups. In the early 1980s mean serum cholesterol for men aged 
45-69 was 5.5 mmol/1 in U.S.A. (U.S. Department of Health and Human Services, 1980) 
and 6.3 mmol/1 in Britain (Thelle et al., 1983). 
Apart from a 1959 study of South Asian men attending general practitioners 
in Kampala, Uganda (Shaper and Jones, 1959), no group origjnating in the Indian 
subcontinent has been reported to have a mean serum cholesterol concentration similar to 
or above that of the British men. 
McKeigue et al. (1988) reported that Bangladeshis had significantly lower 
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levels of total cholesterol than Whites. Indians were also observed to have to have 
significantly lower total cholesterol concentration compared with Whites, but higher than 
West Indians (Miller et al., 1988). Hughes et al. (1989) reported that total cholesterol 
concentrations were lower in both groups of Asians ( controls as well as patients) than in 
respective White subjects. However, the difference between Asian and White controls was 
not significant. McKeigue et al. (1991) observed that all the Asian subgroups (Sikhs, 
Punjabi Hindus, Gujarati Hindus and Muslims) had lower total cholesterol concentrations 
than the Whites. Within the Asians, Gujarati Hindus had the lowest mean total cholesterol 
concentration while the Sikhs had the highest. There was no significant difference between 
the Sikhs and Whites. Recently, Knight et al. (1993) reported that Asians had significantly 
lower mean total cholesterol as compared with Whites. 
Hughes et al. (1990) observed that there were no significant differences in 
mean total cholesterol concentrations between the three ethnic groups (Indians, Malays 
and Chinese) in Singapore. Ramaiya et al. (1991a) found that there were very large 
variations (Jains: 4.5 mmol/1; Suthars: 6.2 mmol/1) between the different subgroups of 
Hindus in Tanzania in the mean total cholesterol concentrations. 
2.1.13 Diet 
Asian lifestyle habits, especially diet, might be involved to explain the 
increased susceptibility to glucose tolerance based on Neel's (1962, 1982) thrifty gene 
hypothesis. Since the first WHO Expert Committee (WHO, 1965) opined that 
undernutrition protects populations against diabetes, attempts have been made to assess 
this in population surveys. However, none has proved an effect, partly because there are 
problems involved in defining leanness (Ramaiya et al., 1990). Leanness also implies the 
efficacy of the subject to utilise calories efficiently as well as physical activity. Diet may 
contribute to the development of diabetes in two ways: quantitatively, by supplying 
calories and if activity is low by resultant obesity; and qualitatively, by the effects of 
specific foods (Taylor and Zimmet, 1983). The long-term effects of intermittent starvation 
on the course of glucose tolerance are not known (Ramaiya et al., 1990). However, it 
should be noted that some populations in the Indian subcontinent consume very little 
protein on some days and an alternate starvation-excess cycle exists (Rao et al., 1988). 
Whether this constitutes a pathological metabolic stress 'is not known (Ramaiya et al., 
1990). 
Inter-population differences exist in both diet and socio-cultural factors both 
within and outside the subcontinent (Ramaiya et al., 1990). Available data suggest that diet 
is the main outstanding difference (Gupta et al., 1978). NIDDM prevalence rates are higher 
on the east coast of Andhra Pradesh, India where rice has been grown and consumed for 
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centuries. Within this state the prevalence rates in the rice-eating population of Eluru (Rao 
et al., 1989) and Tenali (Murthy et al., 1984) were higher compared with urban (Rao et al., 
1966) and rural Hyderabad (Rao et al., 1972) where wheat preparations (roti) form the 
basic staple food. 
The dietary pattern, eating, and methods of cooking vary in different parts of 
the Indian subcontinent (Malhotra and Mazumdar, 1988). However, with migration, the 
traditional dietary pattern changes with an increase in the consumption of 'modern foods' 
and a transition from a subsistence way of life to the 'feast' situation in the urban centres in 
a short time (Neel, 1982), which in Western societies has extended over many generations 
leading to genetic adjustments (Taylor and Zimmet, 1983 ). 
Traditionally, many Hindus are pure vegetarians, but with modernisation the 
diet has become more lactovegetarian (Ramaiya et al., 1990). In addition to the 
consumption of meat, fish, and poultry, there is moderate consumption of eggs, dairy 
products, and a relatively high intake of whole grain cereals, vegetables, fruits, and 
vegetable oils (Beilin and Margetts, 1987). Hence they consume less saturated fat and 
cholesterol, and more polyunsaturated fat and vegetable fibre (McKeigue et al., 1985). 
Although the hypothesis proposing that a vegetarian diet reduces the risk of 
developing diabetes has been put forward (Scott and Griffith, 1957; Kroman and Green, 
1980; Snowdown and Phillips, 1985), in the multicentre Indian study (Gupta et al., 1978) 
diabetes was more prevalent in vegetarians (2.1-2.8%) than in non-vegetarians ( < 2% ). In 
Tanzania, Hindu Indians also had a higher prevalence of diabetes than Muslim Indians 
(Ramaiya et al., 1990) who were non-vegetarians. A recent study in the United States, 
(Scholfield et al., 1987) comparing Asian Indian and American vegetarians has shown that 
Asian Indians have higher insulin levels, higher plasma glucose levels, and lower insulin 
binding to erythrocytes after a glucose load than Caucasoid Americans, suggesting an 
increased risk of developing NIDDM. Henningsen (1988) suggested that the high 
prevalence of NIDDM in Asians could be due to the fact that many Asians consume 
blanched, boiled rice not only on the Indian subcontinent but also abroad. There is a 
considerable loss of potassium, phosphate, magnesium, and other important minerals and 
vitamins when rice is blanched and boiled (Henningsen, 1988). The role of potassium, 
magnesium, and other important ions in resistance against cardiovascular diseases and 
diabetes is still being evaluated but even a small deficit in body potassium may induce 
abnormal glucose tolerance (Sagild et al., 1961). 
2.1.14 Dietary Fat 
If the Keys equation (Keys et al., 1965) relating diet to average serum 
cholesterol holds, the low cholesterol levels found in Asians overseas implies either that 
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saturated fat and cholesterol intakes are low or that polyunsaturated fat intakes are high in 
comparison with the diets of North European and U.S. populations (McKeigue et al., 1989). 
The only overseas Asian populations for which detailed dietary survey data 
exist are those in Singapore and North-West London (McKeigue et al., 1989). In an 
assessment of dietary intakes by 24-hour recall in 528 male employees of the Singapore 
Port Authority, mean total fat intake was highest in Chinese, intermediate in Indians and 
lowest in Malays (Tan et al., 1984 ). Polyunsaturated fat as a proportion of total fat intake 
was similar in all three ethnic groups. In two studies, one using household food inventories 
(McKeigue et al., 1985) and the other weighed intakes (Miller et al., 1988), Gujaratis in 
North-West London were found to have low dietary saturated fat intakes and high 
polyunsaturated fat intakes compared with the British average. Average plasma cholesterol 
was close to the predicted value from the Keys formula (McKeigue et al., 1985). Total fat 
intake was similar to the levels in the British population. Linoleic acid accounted for most 
of the high polyunsaturated fat intake of Gujaratis. As would be expected in a mainly 
vegetarian population, dietary intakes and levels in plasma lipids of long-chain 
polyunsaturated fatty acids of the w 3 series were low. These fatty acids are mainly of 
marine origin and it has been suggested that they protect against atherosclerosis (McKeigue 
et al., 1989). Levels of w 3 fatty acids in Muslim Bangladeshis in East London, however, 
are high, presumably reflecting a fish-containing diet (McKeigue et al., 1988). 
Ghee, prepared by heating butter, is traditionally used in North Indian 
cooking. One analysis has shown that 12% of the sterols in ghee obtained from commercial 
and home-prepared sources were in the form of cholesterol oxides: these compounds were 
not found in ordinary butter (Jacobson, 1987). Since there is evidence from animal studies 
that cholesterol oxides are more atherogenic than pure cholesterol (Imai et al., 1976), the 
presence of these compounds in ghee was suggested as a possible cause of high CHD rates 
in Asians living in Britain and Trinidad (Jacobson, 1987). Others have failed to confirm the 
presence of cholesterol oxidation products in ghee (Surendra Nath and Rama Murthy, 
1988). Ghee is not widely used by Indians in Trinidad, or Bangladeshis in London 
(McKeigue et al., 1989). 
The contribution of diet, therefore, to the increased prevalence of diabetes in 
Asians is still hazy and more nutritional studies are required to know the specific 
contribution of diet, independent of obesity, to the pathogenesis of NIDDM (Ramaiya et 
al., 1990). 
An important food item consumed in large amounts in the Indian 
subcontinent as well as by migrants is yoghurt (curds), which is freshly prepared in many 
households. Yoghurt has a cholesterol lowering effect (Hepner et al., 1979), which may 
possible be due to inhibition of cholesterol synthesis: the hydroxymethylglutarate content 
of yoghurt may inhibit the production of hydroxymethylglutaryl coenzyme-A reductase, the 
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enzyme catalysing the rate-limiting step in cholesterol biosynthesis (Mann, 1977). Hepner et 
al. (1979) found that yoghurt had approximately 2% butter fat. Bajaj (1992) reported that 
yoghurt preparations from skim milk (butter fat < 0.5%) are more effective in reducing 
total as well as LDL cholesterol. Thus, one of the reasons for Asians having lower 
cholesterol concentrations compared with other ethnic groups could be due to the fact that 
they consume yoghurt regularly. 
2.1.15 Physical Activity 
As early as 1895, Bose (1895) reported diabetes as being more common 
among the richer class in India, who considered it a pride and honour to lead an indolent 
life. Exercise is probably a protective factor against the development of diabetes (West, 
1978) and experimental evidence supports the value of physical exercise (Taylor and 
Zimmet, 1983). There is increased insulin sensitivity in peripheral tissues, especially in 
muscle (Bjorntorp, 1982). Quantitative measurement of physical activity is, however, 
difficult and existing methods are crude (Eschwege et al., 1985). The interaction of diet, 
exercise, and obesity is complex, and it is difficult to isolate exercise and study it as a single 
factor in relation to diabetes prevalence and incidence (Eschwege et al., 1985). Migration is 
usually accompanied by changes in all three (Zimmet, 1979), and it is possibly the loss of 
these 'protective' factors rather than adopted environmental risks which contributes to the 
higher rates in migrants (Dowse et al., 1990). 
Studies in migrant Indians in Fiji (Taylor et al., 1984) have shown an 
association of NIDDM with sedentary physical activity independent of. obesity. The same 
was found in Mauritius (Dowse et al., 1991). In Indian Muslims in Tanzania (Swai et al., 
1990), after controlling for obesity the increased prevalence of NIDDM was attributed to 
physical inactivity and genetic factors. Rural-rural migrants within south India had higher 
prevalence rates for diabetes than did indigenous population, and obesity, sedentary 
activity, higher socio-economic status, and hypertension were more common in migrants 
than in the native population (Kodali and Alberti, 1990). However, Zimmet et al. (1983) 
were unable to explain the lack of difference in the high prevalence of diabetes in rural and 
urban Indians in Fiji, suggesting that genetic factors were more important than 
environmental factors in this ethnic group. Ramaiya et al. (1991a) found that there existed 
differences in the level of physical activity undertaken between the different subgroups of 
Hindus in Tanzania. Ramaiya et al. (1991b) reported that there was a decreased prevalence 
of diabetes in men performing moderate/heavy physical activity, which was independent of 
age and BMI. Gill et al. (1990) found that all the diabetic subgroups studied in North India 
showed a high degree of sedentary lifestyle when compared with their respective controls. 
Knight et al. (1993) found that significantly more Asians did not take regular physical 
44 
activity (both heavy exercise as well moderate exercise) during leisure time compared with 
Whites. They did not find any differences in strenuous exercise between the two ethnic 
groups. 
2.2 EPIDEMIOLOGY OF OBESITY 
2.2.1 THE BIOCULTURAL EVOLUTION OF OBESITY: 
AN ANTHROPOLOGICAL PERSPECTIVE 
Throughout most of human history, obesity was never a common health 
problem, nor was it a realistic possibility for most people. Despite the quantitative 
adequacy of their diet, most prehistoric societies were regularly subjected to food shortages 
(Brown, 1992). Scarcity has been a powerful agent of natural selection in human biocultural 
evolution. Both genes and cultural traits that may have been adaptive in the context of past 
food scarcities today contribute to maladaptive adult obesity in affluent societies. Massive 
obesity has been recognised for thousands of years yet interpretation of this condition has 
varied from age to age, reflecting the cultural and scientific values of the observers. 
Humans are among the fattest of all mammals, but this does not imply that 
obesity is a 'natural' condition (Pitts and Bullard, 1968). In contrast to other mammals, 
whose fat deposits primarily function as insulation from cold, in humans much (but not all) 
fat serves as an energy reserve (Brown, 1992). There exists a nonrandom social distribution 
of adiposity within and between human populations. Brown (1992) has outlined three facts 
concerning the evolutionary aspect of obesity. They are: 
1) a gender difference of obesity in the total percent and site distribution of 
body fat, as well as the prevalence of obesity. 
2) a relationship between economic modernisation and obesity. 
3) the concentration of obesity in certain ethnic groups or social classes. 
Differences in fat deposition are an important aspect of sexual dimorphism in 
Homo sapiens (Pond, 1978). Humans are only mildly dimorphic in morphological variables 
like stature: males are only 5% to 9% taller than females (Stini, 1978; Gaulin and Boster, 
1985). Dimorphism in soft tissue involves both total body fatness and the site of distribution 
(e.g., upper versus lower); the clinical importance of this distinction is now widely 
recognised (Kissebah et al., 1989). On average for young adults in an affluent society, 
adipose tissue accounts for approximately 15% of body weight in males and about 27% in 
females (Pond, 1978). 
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Fatness, particularly peripheral body fat, is the most dimorphic of the 
morphological variables (Brown, 1992). Adult men are larger than women in stature 
( + 8%) and total body mass ( + 20% ), while women have more subcutaneous fat as 
measured in skinfold thicknesses in 16 of 17 measurement sites, the only exception is the 
suprailiac site (Brown, 1992). In general, adult limb fatness is much more dimorphic than 
trunk fatness and this pattern appears to be universal (Pond, 1978; Brown and Kanner, 
1987). It is important that peripheral body fat does not have the same close association with 
chronic diseases like diabetes and hypertension as truncal fatness does (Bjorntorp, 1988a; 
Kissebah et al., 1989). Thus, the sexual dimorphism in fat deposition may be unrelated to 
the negative health consequences of obesity. The developmental course of this dimorphism 
occurs at the time of reproductive maturation (Tanner, 1962). Sex differences are also seen 
in the prevalence of obesity, with females having a higher prevalence of obesity compared 
with males (Brown, 1992). 
1) Obesity and Modernisation 
The social distribution of obesity varies between societies depending on their 
degree of economic modernisation. It is significant that anthropometric studies of 
traditional hunting and gathering populations report no obesity (Brown, 1992). In contrast, 
numerous studies of traditional societies undergoing the process of economic 
modernisation ( or westernisation) demonstrate rapid increases in the prevalence of obesity 
(Page et al., 1974; Zimmet, 1979; Phillips and Kubisch, 1985). Trowell and Burkitt (1981) 
whose recent volume contains 15 case studies of epidemiological change in modernising 
societies, conclude that obesity is the first of these 'diseases of civilisation' to appear. 
Variation in the male-female ratio of obesity prevalence is also related to economic 
modernisation. That is, in less economically modernised populations there is much more 
female than male obesity, but in more affluent societies the ratio is more nearly equivalent. 
The reason for this pattern is not completely understood (Brown, 1992). 
Social class (socio-economic status) can be a powerful predictor of the 
prevalence of obesity-in both modernising and affluent societies, although the direction of 
the association varies with the type of society. It has long been recognised that in 
heterogeneous and affluent societies like the United States, there is a strong inverse 
correlation between social class and obesity for females (Goldblatt et al., 1965; Burnight 
and Marden, 1967). In a comprehensive review of the literature, Sokal and Stunkard (1989) 
have demonstrated that in non-western or developing countries there is a strong and 
consistent positive association of social class and obesity for men, women and children; 
correspondingly, modernising societies show an inverse correlation between class and 
protein-calorie malnutrition (Arteaga et al., 1982). 
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Cultural changes in diet and activity patterns form the link between 
modernisation and obesity. The seemingly invariable pattern of diet modernisation includes 
decreased fibre intake and increased consumption of fat and sugar. The quick shift from 
'primitive' to high-fat, high-sugar diets with the advent of affluence may be rooted in our 
evolutionary past (Brown, 1992). 
2) Obesity and Ethnicity 
The idea that particular genotypes predispose individuals to obesity and its 
related diseases is quite old (Neel, 1962) and is supported by a convincing body of recent 
research using adoption and twin studies data (Stunkard et al., 1986a; Stunkard et al., 
1986b) or focussing on particular obesity-prone populations like the Pima Indians (Knowler 
et al., 1981; Ravussin et al., 1988). The fact that certain ethnic groups have high rates of 
obesity is complicated by the entanglement of the effects of heredity and culture 
(environment). 
It is possible that the role of genetic inheritance is more pronounced in study 
populations with relatively little cultural heterogeneity like the Pima Indians. Nevertheless, 
it is important to recognise that marriage patterns that emphasise ethnic or social class 
endogamy for which marriage partner correlations are extremely high (Carlson, 1984) or 
'assortative mating' by body type may concentrate the genetic predisposition in particular 
subpopulations (Brown, 1992). 
3) The Social Meaning of Obesity: Cross-Cultural Comparisons 
Fatness is symbolically linked to psychological dimensions such as self-worth 
and sexuality in many societies of the world, but the nature of that symbolic association is 
not constant (Brown, 1992). In mainstream U.S. culture, obesity is socially stigmatised 
(Cahnman, 1968). Most cultures of the world, in contrast, view fatness as a welcome sign of 
health and prosperity. Given the rarity of obesity in unacculturated preindustrial societies, 
it is not surprising that many groups have no ethnomedical definition of or concern with 
obesity. This is the case for food-foragers like the !Kung San, to whom thin people are to be 
pitied since 'thinness' (zham) is viewed as a symptom of starvation (Lee, 1979). 
It may be large body size rather than obesity per se that in agricultural 
societies becomes an admired symbol of health, prestige, prosperity, or maternity. The 
agricultural Tiv of Nigeria, for example, distinguish between a very . positive category 'too 
big' (kehe) and an unpleasant condition 'to grow fat' (Ahon) (Bohannan and Bohannan, 
1969). The first is a compliment because it is a sign of prosperity ( also ref erring to seasonal 
weight gain of the dry season); the second term is a rare and undesirable condition. 
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Even in the industrialised United States, there is ethnic variation in definition 
of obesity. Some Mexican-Americans have coined a new term, gordura mala ('bad 
fatness'), because the original term gordura continues to have positive cultural connotations 
(Ritenbaugh, 1982). In Indian culture, being overweight is often regarded as a sign of 
affluence. In the Bengali language, the word for thin is raga which is derived from the root 
rog meaning 'disease'; a thin person is thought of as being 'sick' and a fat person is 
considered 'healthy' (Burden et al., 1991). Generally, overweight is a sign of wealth, status 
and physical attractiveness in Asians of the Indian subcontinent (Bose, 1992). In any case, 
the definition of obesity is ultimately linked to cultural conception of normality, beauty and 
health (Brown, 1992). 
4) Cross Cultural Variation in Ideal Body Type 
Culturally defined standards of beauty may have been a factor in the sexual 
selection for phenotypes predisposed to obesity. In a classic example Malcolm (1925) 
described the custom of 'fattening huts' for elite Efik pubescent girls in traditional Nigeria. 
A girl spent upto two years in reclusion and at the end of this rite of passage possessed 
symbols of womanhood and marriageability - a three tiered hairstyle, clitoridectomy, and 
fatness. This fatness was a primary criterion of beauty as defined by the elites, who alone 
had the economic resources to participate in this custom. Similarly, fatter brides (as well as 
early maturing brides) demand higher bridewealth payments among the Kipsigis of Kenya 
(Borgerhoff Mulder, 1988). 
Among the Havasupai of the American Southwest, if a girl at puberty is thin, 
a fat woman 'stands' (places her foot) on the girl's back so that she will become attractively 
plump. In this society, fat legs, and to a lesser extent fat arms, are considered essential to 
beauty (Smithson, 1959). Among the Arnhara of the Horn of Africa, thin hips are called 
'dog hips' in a typical insult (Messing, 1957). 
Brown (1992) has summarised the results of a cross-cultural survey of 
definitions of female ideal body type based on information on over 300 societies. Cultural 
standards of beauty are based on the normal characteristics of the dominant group of a 
society, and do not refer to physical extremes. No society on the record has an ideal of 
extreme obesity. On the other hand, the desirability of the 'plumpness' or being 'filled out' 
is found in 81 % of the societies. This standard which probably includes the clinical 
categories of overweight and mild obesity, apparently refers to the desirability of 
subcutaneous fat deposits, particularly on the hips and legs. Although there is a cross-
cultural variation in standards of beauty, this variation falls within a certain range. 
American ideals of thinness occur in a setting where it is easy to become fat, and preference 
for plumpness occurs in settings where it is easy to remain lean. In context, both standards 
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require the investment of individual effort and economic resources; furthermore, each in its 
context involves a display of wealth. Cultural beliefs about attractive body shape in 
mainstream American culture place pressure on females to lose weight and are involved in 
the aetiology of anorexia and bulimia (Brown, 1992). 
5) The Symbolic Meaning of Fatness 
Fatness may be a symbol of maternity and nurturance (Brown, 1992). In 
traditional societies where women attain status only through motherhood, this symbolic 
association increases the cultural acceptability of obesity (Powdermaker, 1960). A fat 
woman, symbolically, is well taken care of, and she in turn takes good care of her children. 
Fellahin Arabs in Egypt describe the proper woman as fat because she has more room to 
bear a child, lactates abundantly, and gives warmth to her children (Amnar, 1954 ). 
The ethnographic record concerning body preferences in males is extremely 
weak, yet preliminary research suggests an universally expressed preference for a muscular 
physique and for tall or moderately tall stature (Pond, 1978). In general, human societies 
admire large body size as an attribute of attractiveness in men because it symbolises health, 
economic success, political power, and social status. 'Big Men', political leaders in tribal 
New Guinea, are described by their constituents in terms of their size and physical well-
being: they are men 'whose skin swells with 'grease' (or fat) underneath' (Strathern, 1971). 
Large body size may in fact be an index of differential access to food resources. 
This is seen in chief domships, as in ancient Polynesia, where hereditary political leaders sit 
at the hub of a redistribution system in which chiefly families are assured a position of each 
family's harvest. The spiritual power (mana) and noble breeding of a Polynesian chief is 
expected to be seen in his large physical size. The idols of Ganesh, the Hindu God of 
prosperity and well-being are always depicted as being obese. 
Cultural variation in the meaning of fatness is also found among ethnic 
groups in the United States. Massara's (1989) ethnographic study of the cultural meanings 
of weight in a Puerto Rican community in Philadelphia documents the positive associations 
and lack of social stigma of obesity. In addition, quantitative evidence (Massara, 1980) 
suggests that there are significant differences in ideal body preferences between this ethnic 
community and mainstream American culture. Positive evaluations of fatness may also 
occur in lower-class black Americans (Styles, 1980) and Mexican-Americans (Phillips and 
Kubisch, 1985). These ethnic groups, however, are quite heterogeneous; upwardly mobile 
ethnics more closely resemble mainstream American culture in attitudes about obesity and 
ideal body shape (Brown, 1992). 
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6) The Biocultural Evolution of Obesity 
Anthropological information about the frequency of past food shortages, the 
social distribution of obesity, and the cultural meanings of fatness, when taken together, 
suggest a biocultural hypothesis of the evolution of obesity (Brown, 1992). Both genetic and 
cultural predispositions to obesity may be prnducts of the same evolutionary pressures, 
involving two related processes: first, genetic traits that cause fatness were selected because 
they improved the chance of survival in the face of food scarcities, particularly for pregnant 
and nursing women; second, fatness may have been socially selected because it is a cultural 
symbol of social prestige and an index of general health. 
Since food shortages were ubiquitous for humans under natural conditions, 
selection favoured individuals who could effectively store calories in times of surplus. For 
most societies, such fat stores would be called on at least every two to three years. 
Malnutrition from food shortages has a synergistic effect on infectious disease mortality, 
and decreases birth weights and rates of child growth as well (Stein and Susser, 1975). 
Females with greater energy reserves in fat would have selective advantage over their lean 
counterparts in withstanding the stress of food shortage, not only for themselves but for the 
foetuses or nursing children (Brown, 1992). Humans have evolved to 'save up' food energy 
for inevitable food shortages through the synthesis and storage of fat. Females, whose 
reproductive fitness depends on their ability to withstand the nutritional demands of 
pregnancy and lactation, appear to have been selected for more slow-releasing peripheral 
body fat (Huss-Ashmore, 1980). In addition, a minimal level of female fatness will increase 
lifetime reproductive success because of its association with regular cycling as well as 
earlier menarche (Frisch, 1987). 
In the evolutionary context the usual range of human metabolic variation 
must have produced many individuals with a predisposition to become obese; yet they 
would, in all likelihood, never have had the opportunity to do so. Furthermore, in this 
context there could be little or no natural selection against such a tendency. Selection could 
not provide for the eventuality of continuous surplus because it simply never existed 
(Brown, 1992). 
2.2.2 AN APPROACH TO THE CLASSIFICATION OF OBESITY 
The term 'obesities' is used to indicate that excess fat deposition is 
multifactorial. 'Obesity' is often used in place of the plural form, but .unless a specific type 
of obesity is being referred to, 'obesities' is more appropriate (Bray, 1992). 
Obese individuals can be classified in several ways: according to the 
anatomical characteristics of the adipose tissue and its distribution, according to the age at 
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onset of obesity, and according to aetiological factors. 
1) Anatomical Characteristics of Adipose Tissue 
The anatomical classification is based on the number of adipocytes and the 
regional distribution of fat. . 
a) Number of Fat Cells 
The number of fat cells can be estimated when there is a measure of total 
body fat and an estimate of the average fat cell size. Because fat cells differ in size from 
one region to another, a reliable estimate of the total number of fat cells should be based 
on the average of fat cell sizes from more than one location. The upper limits of normal fat 
cell number in adults are 40 to 60 x 109 cells (Bray, 1992). The number of fat cells increases 
most rapidly during late childhood and puberty but may increase even in adult life. The 
number of fat cells can increase by three to five times normal when obesity occurs in 
childhood or adolescence (Bray, 1992). Hypercellular obesity shows varying degrees of 
enlargement of fat cells. This type of obesity usually begins in early or middle childhood but 
may also occur in adult life. An increased total number of fat cells is usually present in 
individuals who are more than 75% above their desirable weight (Bjorntorp, 1985; Hirsch 
et al., 1989). When the onset of obesity is during adult life or during pregnancy, it is called 
hypertrophic obesity and involves mainly enlargement of adipose tissue cells with lipids. 
Hypertrophic obesity tends to correlate with an android or truncal fat distribution and is 
of ten associated with metabolic disorders such as glucose intolerance, hyperlipidaemia, 
hypertension and coronary heart disease (Vague, 1956; Feldman et al., 1969; Kissebah et 
al., 1982; Krotkiewski et al., 1983). 
b) Fat Distribution 
Fat distribution can be estimated by skinfolds, by circumferences, or by 
sophisticated techniques employing ultrasound, computed tomography, or magnetic 
resonance imaging. One of the most widely used techniques estimates central fat from the 
ratio of the circumference of the waist or abdomen to the, circumference of the hips. The 
subscapular skinfold thickness has also been used to estimate central fat (Stokes et al., 
1985; Donahue et al., 1987). A more sophisticated technique uses principal components 
analysis of skinfolds at several sites on the body (Mueller, 1983; Baumgartner et al., 1986; 
Ducimetieri et al., 1986; Cameron et al., 1992). The principal components analysis groups 
together those skinfolds that are best correlated and gives an estimate of total fat, central 
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fat and peripheral fat. 
2) Age at Onset of Obesity 
Obesity can begin at any age. Birth weight of children who will become obese 
later in childhood has the same frequency distribution as for those who will maintain 
normal weight in later life (Bray, 1976). The first appearance of obesity is in infancy, when 
body fat rises rapidly. During the first year of life the size of fat cells increases nearly two-
fold, but there is no measurable increase in the number of fat cells (Hager et al., 1977; 
Knittle et al., 1979). Obesity in the first year of life is a relatively poor guide to the 
likelihood of becoming obese later, however. A second period of childhood obesity is 
between the ages 4 to 11 years (Mossberg, 1948). When obesity appears in this age group, 
there can be a progressive deviation of body weight from the upper limits for height age. 
This has been termed by Bray (1976) as progressive obesity. This type of obesity is usually 
lifelong and is associated with an increase in the number of fat cells. 
Most obesity develops after the end of puberty and is termed as adult-onset 
obesity. Estimates from several sources have suggested that less than one third of obese 
adults were obese in childhood (Bray, 1976). Childhood obesity does not necessarily predict 
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obesity in adult life. Bray (1992) has discussed childhood-onset and adult-onset obesity in 1 1 
more details. 
3) Aetiological Factors in Obesity 
There are a number of aetiological causes for obesity. Genetic factors play a I, 
role in the onset of obesity. Endocrine alterations are a second cause for obesity but are 
rare, even though obesity influences the function of the endocrine system (Glass, 1989). 
Bray (1992) has given a classification of obesities based on aetiological factors. The 
classification is summarised in Table 2.19. 
2.2.3 EPIDEMIOLOGY OF OBESITY 
1) Definition 
In recent years, the body mass index (BMI; weight (kg) per height (m2)) has 
gained recognition as an acceptable surrogate measure of body fatness (Bray, 1985), 
especially for epidemiological purposes, in which ease of measurement and comparability 
rank high. Its correlation with body fat is of the order 0.7 to 0.8, which compares favourable 
with other indirect indices of body fat (Seidell et al., 1987a). Nevertheless, persons with 
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similar BMI show quite wide variations in body fat (Durnin, 1986). Therefore, it must be 
kept in mind that the BMI characterises groups rather than individuals (Epstein and 
Higgins, 1992). Cross classification on the sum of triceps plus subscapular skinfolds and a 
weight/ height index was proposed by Abraham (1983) as a method to define categories of 
leanness-obesity and underweight-overweight with the use of 85th to 95th percentile cut 
points. Additional information about the distribution of body fat may be obtained from 
skinfold ratios at different sites, from waist to hip ratio and from other measures of 
regional fat. 
An international classification of obesity has been proposed by Garrow (1981) and endorsed by a panel of the World Health Organisation (1988). It is based on the 
following arbitrary ranges of BMI: 20-25, 25-30, 30-40, and above 40. In these terms, grade 
1 obesity (moderate overweight) is defined as a BMI of 25-29.9 and grades 2 and 3 obesity (severe overweight/obese or morbidly obese) as a BMI of 30-39.9 and 40 + , respectively (Seidell et al., 1987b ). In comparing the prevalence of obesity in different populations or 
population groups, it is useful to express it in terms of BMI values of 30 and over (WHO, 
1988; Gurney and Gorstein, 1988). In the United States several BMI cut points, including 
27.8 and 27.3 have been used to define overweight in men and women respectively. The 
frequency of a continuous variable like weight or blood pressure should be described not 
only in terms of the proportion of persons above an arbitrary threshold but also in terms of 
the entire distribution curve. Nevertheless, a cutoff like a BMI of 30 and over serves an 
useful purpose similar to the use of cut points to define hypertension or diabetes (Epstein 
and Higgins, 1992). 
2) Worldwide Prevalence 
International comparisons of the frequency of obesity are notoriously 
difficult to make, largely but not exclusively because the condition has been defined 
differently in different studies around the world. Therefore, published comparisons usually 
include only a few countries. Epstein and Higgins (1992) have presented a comprehensive 
global picture of the prevalence of obesity. In order to show only comparable data, they 
limited their attention to reports that included obesity defined by the BMI. They presented 
corresponding data (Table 2.20) on prevalence from eight i~dustrialised and six developing 
countries, the latter in Latin America. 
The prevalence of obesity increases with age but tends to plateau around age 
30. Obesity is more common in the U.S. than in the U.K. and somewhat more common than 
in Canada and Australia. The high prevalence in White South Africans is striking. It is not 
evident why the prevalence is rather low in The Netherlands; the question of the 
representiveness of the sample arises. The figures from Italy probably are an 
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underestimate, partly explained by the wide age range covered. The data from The Netherlands and Italy illustrate the problem of ascertainment (Epstein and Higgins, 1992). The data from the Seven-Countries Study are not available in terms of BMI but permit comparisons in terms of overweight, expressed as 10% or more of standard weight or the sum of triceps and subscapular skinfolds over 28 mm (Epstein and Higgins, 1992). The increasing rank order of prevalence according to skinfold thickness was as follows: Japan, Greece, Finland, Yugoslavia, Italy, The Netherlands, and the United States; the corresponding prevalences were 2%, 11 %, 14%, 29%, 28%, 32%, and 63% respectively (Mancini et al., 1986). In contrast to the prevalence data shown in Table 2.20, Finland ranks low and The Netherlands high. 
The data on prevalence presented above are limited to relatively few geographic areas. More data on the prevalence of obesity can be found from the Intersalt (1988) and WHO Monica (1988) projects, which are more global in nature. However, as they do not use the accepted definition of obesity (Epstein and Higgins, 1992) comparisons could be unreliable. 
3) Risk Factors for Obesity 
Age, sex, ethnicity, socio-economic circumstances, diet, levels of physical activity and areas of residence are related to the frequency and distribution of obesity. Heredity is an important determinant and may act through many genes, each exerting a small effect, or through single genes, which are likely to be rare but ex~rt larger effects. Obesity is of multifactorial aetiology and interactions among genes as well as between genes and environmental challenges contribute to its development. Epstein and Higgins (1992) have summarised (Table 2.21) the main determinants and risk factors for obesity. 
2.2.4 GENETICS OF OBESITY 
This section reviews evidence concerning the role of the genotype in human obesity. It deals with tlie amount of body fat and regional fat distribution, particularly abdominal fat. The influence of inherited factors on various components of energy expenditure is also considered. Because of word limitations, much material cannot be incorporated in this text. The genetic aspects of human obesity is dealt more extensively by Bray (1981), Mueller (1983) and Bouchard (1987, 1988, 1989). 
The role of inherited factors in the development and maintenance of obesity is only partially understood. In contrast, evidence for the contribution of behavioural and lifestyle factors to the development and maintenance of obesity is abundantly clear. However, individual differences are ubiquitous, and it is increasingly recognised that there 
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are inherited differences in the susceptibility to become obese under given behavioural and 
lifestyle conditions (Bouchard, 1992). These are issues in need of clarification before 
further progress can be achieved in the understanding of this important health risk, 
particularly as it pertains to abdominal obesity. 
1) Obesity: A Heterogeneous Phenotype 
It has long been recognised that obesity is not a single disorder but rather a 
heterogeneous group of disorders (Bray, 1981; Callaway and Greenwood, 1984 ). The 
heterogeneity referred to here is not of the clinical manifestations of obesity but to the 
phenotype of body fat itself. Even if one could define how much fat is involved in obesity 
and could measure it precisely, there would still exist problems preventing us from 
considering obesity as a homogeneous phenotype. For instance, one would have to use 
different phenotypic criteria in males and females, allow for age variation in body fat, and 
also incorporate differences in fat topography (Bouchard, 1992). 
Fat topography is defined on at least two axes. The first axis represents 
individual differences in adipose cell characteristics (Bouchard, 1992). It has been 
suggested (Bjorntorp, 1984 ), with relatively good supporting evidence, that human obesities 
can be divided into those with predominantly enlarged fat cells (hypertrophic obesity) and 
those with predominantly increased number of fat cells (hyperplastic obesity). The other 
axis represents the anatomical distribution of body fat (Vague, 1947b). Thus, excess fat can 
be stored primarily in the abdominal area (the android or male-like obesity) or in the 
gluteal and femoral area (the gynoid or female-like obesity). A subject with excess body fat 
could have the hypertrophic or hyperplastic characteristics and be of the android or gynoid 
type. Even though other fat topography features may need to be considered for a full 
description of the obesity phenotype (Bray, 1984 ), the two axes defined above are sufficient 
to show that obesity, or human body fat in general, is a very heterogeneous phenotype 
(Bouchard, 1992). The implication is that a given body fat content may be associated and 
produce different clinical consequences. Yet in genetic studies, individuals with quite 
different phenotypic characteristics have been grouped together and studied as if they all 
had the same trait (Bouchard, 1992). 
However, it is important to recognise that these phenotypes are not fully 
independent of one another. Bouchard (1993) has given a schematic representation (Figure 
2.1) of the common variance among the three body fat phenotypes. 
2) Obesity: A Multifactorial Phenotype 
Obesities is a more correct term than obesity. But the situation is even more 
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complex, as the phenotypes are not of the simple mendelian kind. Segregation of the genes 
is not readily perceived, and the influence of the genotype on aetiology is generally 
attenuated or exacerbated by nongenetic factors (Bouchard, 1992). Thus, variation in 
human body fat is attributable to a complex interworking of genetic, nutritional, energy 
expenditure, psychological, and social variables. In this complex situation, the study of the 
genetics relies primarily on data on relatives by descent or adoption and the analytical 
strategies of genetic epidemiology. 
An obesity is therefore a multifactorial trait determined by genetic and 
nongenetic affectors. Bouchard (1992) has described a simple paradigm (Figure 2.2) that 
integrates general factors affecting body fat and their interactions. 
Each factor comprises a family of components. Energy intake includes not 
only the total caloric intake but also the macronutrient composition of the intake, the 
palatability of the diet, its content of various amino acids and other molecules as they 
influence the metabolic outcomes of the food ingested, and appetite and satiety. Energy 
expenditures include basal and resting metabolism, thermic effect of food, energy 
expenditure of exercise and work, level of habitual physical activity, temperature-induced 
thermogenesis, and probably other components. 
The third component is probably the most complex. It is defined as the 
interface between energy (nutrient) intake and energy expenditure and reflects the fact 
that characteristics of the human body have an impact on the outcome of a given set of 
energy intake and expenditure conditions. Variations in the biologic-behavioural interface 
can be caused by inherited or acquired conditions (Bouchard, 1992). 
Recently, Bouchard (1993) has given a revised and more ·complex paradigm 
of the major aff ectors of body mass for stature and body fat or body energy content. 
3) Heritability of Body Fat 
This section deals with the additive genetic effect (narrow heritability) of two 
commonly used measurements in obesity: the body mass index (BMI) and the sum of 
several skinfold thicknesses (represented by subcutaneous fat). Fat mass, which is the 
other commonly used measure of obesity is not discussed here but is dealt with in detail by 
Bouchard (1992). 
In the past five decades, it has frequently been observed that obese parents 
are more likely to have obese children than are lean parents. This constitute a clear 
demonstration that the obesity of the offspring is determined by the so-called obesity genes 
of the parents, as both generations share not only genes but also the household milieu and 
many environmental conditions (Bouchard, 1992). The results of 11 familial studies of obese 
children were summarised by Bray (1981) and are reproduced in Table 2.22. 
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The data from these early studies are not quite comparable as obesity was 
variously defined and methods of ascertainment were not identical across studies. 
Nonetheless, they clearly suggest that obesity in one parent conferred greater risk of 
obesity on the offspring. Surprisingly, however, the risk often seemed to be less when both 
parents were obese. As these data were not fully conclusive, more research with improved 
design and better assessed obesity phenotype was needed, as suggested by Bray (1981). 
The literature on heredity and human obesity is confusing and contradictory. 
Thus, in various studies the BMI or some other indices of relative weight or skinfold 
thicknesses were used, with data gathered on parents and their biologic children, parents 
and their adopted children, blood-related brothers and sisters, siblings by adoption, and 
dizygotic and monozygotic twins. With few exceptions, the studies did not distinguish 
between the effects of genes shared by descent and the effects of household and 
environmental conditions shared by relatives together (Bouchard, 1992). Only limited 
research has been reported in which the authors used some of the recent tools of genetic 
epidemiology (Annest et al., 1983; Longini et al., 1984; Bouchard, 1988; Bouchard et al., 
1988a). Common conclusions in the literature therefore range from 'little genetic effect' to 
'very high genetic effect' for obesity or body fat (Bouchard, 1992). 
In clinical settings, the BMI is increasingly used to assess the normality of 
body weight in individual patients. The correlation between BMI and total body fat (TBF) 
or percent body fat(% BF) is quite good in large and heterogeneous samples (i.e., about 0.6 
to 0.8). The predictive value of the BMI is less impressive in an individual subject, 
especially when the BMI is below 30 kg/ m2 or so. At higher BMI values, the relationship 
with body fat is better (Bouchard, 1992). It should be kept in mind that the BMI is an 
indicator of heaviness and only indirectly an indicator of body fat (Garn et al., 1986; 
Bouchard, 1987). Any estimate of genetic effect on BMI is bound to be influenced by the 
contribution of the genotype to fat mass, muscle mass, and other components. Nevertheless, 
the additive genetic effect on the BMI is worth considering because of the growing 
popularity of this measure in the clinical assessment of obesity (Bouchard, 1992). According 
to Zonta et al. (1987), on theoretical grounds, the proposal that a major gene effect may be 
present in the distribution of BMI scores is not justified. 
Using a model of path analysis, Bouchard et al. (1988a) studied the relative 
importance of genetic and nongenetic ( cultural) component~ of inheritance as well as the 
nontransmissible effect in the BMI phenotype after controlling for variations in age and 
sex. They reported a total transmissible variance across generations of about 35%, but a 
genetic effect of only 5%. The nontransmissible variance (about 65%) may reflect the fact 
that several tissues with their own pattern of transmissions contribute to the phenotype, or 
may suggest that the BMI is indeed quite susceptible to lifestyle and environmental 
conditions. The data do indicate that the BMI as an index of heaviness is not characterised 
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by a significant heritability component (Bouchard, 1992). 
Skinfold measurements at various sites of the body can be used to estimate 
the amount of subcutaneous fat. Recent reviews of Mueller (1983) and Bouchard and 
Perusse (1988) have reported parent-child correlations ranging from 0.15 to 0.25 and sibling 
correlations ranging from 0.20 to 0.40 for individual skinfold measurements. Typically, 
correlations are higher for dizygotic twins (0.4 to 0.5) and highest for monozygotic twins 
(0.8 to 0.9). 
A more reliable estimate of the amount of subcutaneous fat can be obtained 
from the sum of several skinfolds, particularly if they are equally distributed over the trunk 
and the upper and lower extremities (Bouchard, 1992). Bouchard et al. (1988a) reported a 
total transmission effect across generations of about 40%, which was comparable to that 
reported by Byard et al. (1984), Devor et al. (1986) and Perusse et al. (1988). However, the 
additive genetic component reached only about 5%, demonstrating that most of the 
transmission effect had nothing to do with the genotype (Bouchard et al., 1988a). In other 
words, most of the individual differences in skinfold thicknesses (subcutaneous fat) are 
independent of the genotype and are associated with the determinants of energy balance, 
i.e., habitual energy intake and total habitual energy expenditure (Bouchard, 1992). 
4) Heritability of Abdominal Fat 
Excess body fat (obesity) has long been recognised as risk factors in the 
aetiology of arteriosclerosis, NIDDM, hypertension, and other degenerative conditions 
associated with a higher death rate. More recently it has been shown that abdominal 
obesity (the so-called male or android profile of fat deposition) is by itself an independent 
risk factor that carries an even higher risk than excess body fat per se (Bouchard, 1992). 
The metabolic · complications associated with abdominal obesity have been reviewed 
extensively by Vague (1985), Norgan (1986), Bjorntorp (1988) and Bouchard and Johnston 
(1988). The available clinical and experimental data justify the conclusion that abdominal 
obesity is of particular importance for health and disease (Bouchard, 1992). Bouchard 
(1992) studied two general indicators of regional fat distribution: the ratio of three truncal 
skinfold measurements (abdominal, suprailiac and subscapular) to three extremity skinfold 
measurements (biceps, triceps and medial calf), and the ratio of subcutaneous fat ( sum of 
six skinfold measurements) to the total fat mass (from underwater weighing). The 
distribution of subcutaneous fat in the trunk relative to the limbs exhibited a genetic effect 
of 25%, while the ratio of subcutaneous fat to fat mass was characterised by a heritability 
coefficient of about 30%. 
No data have been reported on the genetics of abdominal visceral fat 
(Bouchard, 1992). Bouchard (1992) suggests that the genotype is the main determinant of 
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individual differences in the amount of visceral fat deposition under long-term overfeeding 
conditions. Even though the amount of subcutaneous fat is primarily influenced by 
nongenetic factors, there is some evidence that the size of the total abdominal fat depot 
after adjustment for total fat is significantly affected by genotype (Bouchard, 1983, 1988). 
Bouchard (1992) has supported this conclusion by data summarised in Table 2.23. As shown 
in the table, the amount of subcutaneous abdominal fat exhibits a genetic effect of about 
20% and more when the total amount of subcutaneous fat is taken into consideration. 
These results suggest that for a given level of fatness, the size of the abdominal fat depot 
varies among individuals, and these variations are significantly influenced by the genotype 
of the individual. Similar findings were obtained (Bouchard, 1992) when abdominal fat 
( abdominal skinfold or the sum of abdominal and suprailiac skinfolds) was studied after 
statistical adjustments for the sum of six skinfolds or the densitometrically derived fat mass. 
5) Heritability of Energy Expenditure 
Research data are now available (Bouchard, 1992) on four components of 
human energy expenditure: habitual physical activity level, total energy expenditure (TEE), 
resting metabolic rate (RMR), and the thermic effect of a meal (TEM). A recent report has 
suggested that the habitual physical activity level, estimated from a three-day activity 
record, was significantly influenced by undetermined genetic characteristics, the heritability 
coefficient reaching about 25% to 30% of the variance (Perusse et al., 1992). These results 
were suggestive of inherited differences primarily in the spontaneous level of activity and 
not for activities for higher energy costs such as exercise and sport participation. 
The energy cost of submaximal exercise is an important element in the total 
energy balance equation, as there are differences in oxygen uptake for a given power 
output (Bouchard, 1992). Bouchard (1992) reports of a study of TEE during submaximal 
cycle ergometer work loads in 22 pairs of dizygotic twins and 31 pairs of monozygotic twins. 
Evidence for a rather high (2:: 45%) genetic effect was found at low power output, but the 
genetic effect disappeared when the energy expenditure reached six times the resting 
metabolic rate level. 
Resting metabolic rate (Fontaine et al., 1985; Bouchard, 1992) and TEM 
(Bouchard, 1992) were studied in several sets of parent-cbpd pairs and dizygotic and 
monozygotic twins (Fontaine et al., 1985; Bouchard, 1992). Bouchard (1992) reported that 
when RMR was adjusted for differences in body composition, the genetic effect remained 
significant in all cases. Thus, for RMR per kg. of fat-free mass, the genetic effect reached 
about 40% of the total variance of the phenotype. TEM was studied after a 4.2 MJ (1000 
kcal) carbohydrate meal (Bouchard, 1992). The results showed that genetic effects 
accounted for at least 40% of the variation in the energy expended over RMR during four 
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hours after the meal test. Some of the correlations reported by Bouchard (1992) have been 
summarised in Table 2.24. 
It is increasingly clear that there are inherited differences in spontaneous 
activity level, energy cost of light submaximal exercise, resting metabolic rate, and thermic 
effect of food. It is not known whether these various genetic effects are generated by the 
same genetic system or if they arise from independent genetic characteristics. In any case, 
Bouchard (1992) is of the opinion that genetically determined differences in energy 
expenditure, particularly those close to the resting metabolic rate level, may have 
considerable significance for understanding the inherited susceptibility to obesity. 
6) Adaptation to Overfeeding in Identical Twins 
The low to moderate additive genetic effect (i.e., a range of 5% to about 
30%, depending on the phenotype) that have been reported thus far for some of the human 
body fat components does not imply that genetic factors have little or nothing to do with 
body fat topography. It is generally recognised that some individuals are prone to excessive 
accumulation of fat, for whom losing weight represents a continuous battle, whereas others 
seem relatively well protected against such a menace. 
Bouchard (1983) submitted both members of monozygotic twin pairs to a 
similar experimental treatment and compared intrapair (within genotype) and interpair 
(between genotypes) resemblances in the response. Six pairs of male monozygotic twins ate 
4.2 MJ (1000 kcal.)/day caloric surplus for 22 consecutive days. Significant increases in 
body weight, sum of nine skinfold measurements, and fat mass were obtained after the 
period of overfeeding. The data showed that there were considerable inter-individual 
differences in the adaptation to excess calories and that the variation observed was not 
randomly distributed, as indicated by the significant within-pair resemblance in response. 
The intrapair resemblance in the response to overfeeding was quite high. For 
instance, the intraclass correlation of 0.88 for fat mass indicates that almost 90% of the 
variance in the response of fat mass to overfeeding is found between genotypes (between 
pairs), while only about 10% is found within pairs, i.e., members of the same pair tended to 
gain weight equally. These data indicate that some individuals are more at risk than others 
to gain fat. In other words, the amount of fat stored in response to a given caloric surplus is 
probably influenced by the genotype of the individual. 
In these six pairs of overfed twins, RMR, TEM for a 4.2 MJ meal of mixed 
composition, and TEE were determined before and after the 22-day experimental 
treatment. Changes in RMR (intrapair resemblance = 0.63), TEM (intrapair resemblance 
= 0.62), TEM (intrapair resemblance = 0.78) were also partly genotype dependent 
(Bouchard et al., 1988b; Poehlman et al., 1986). Multiple correlation studies indicated that 
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much of the variance in the response of fat mass to over£ eeding was accounted for by the 
changes in RMR, TEM and TEE (R = 0.65). This implies that the genotype-overfeed 
interaction effect observed in fat mass gain seems to be partly mediated by these three 
energy expenditure components, themselves characterised by significant genotype-
overfeeding interaction effects (Bouchard et al., 1988b ). These data suggest that chronic 
overfeeding alters the components of energy expenditure in a manner that differs more 
between identical twin pairs than members of the same pairs. The most likely explanation 
for these observations is that the genotype is an important determinant of the variations 
encountered in response to given conditions of energy intake. 
2.2.5 REGIONAL OBESITY: ABDOMINAL DISTRIBUTION OF ADIPOSE TISSUE 
Recognition of the marked differences between adiposity localised to 
different parts of the body has clearly improved our understanding of the syndrome of 
human obesity, which is a heterogeneous group of conditions with wide variations in risk 
for complicating diseases (Bjorntorp, 1992). Extensive research has been undertaken on 
this subject and exhaustive reviews have been published by Vague et al. (1985), Bjorntorp 
et al. (1988), Bouchard and Johnston (1988) and Bouchard et al. (1990a). 
The terminology of fat distribution is not yet standardised and terms such as 
central, abdominal, and intraabdominal are in current use (Allawi and Jarrett, 1990). 
Methods of measurement also vary, including caliper measures of skinfolds, the ratio of 
circumference at waist and hip (waist-hip ratio, WHR), and sophisticated measurements of 
abdominal and intraabdominal (Ashwell et al., 1985; Fujioka et al., 1987; Seidell et al., 
1987a) fat using computed tomography (CT) or magnetic resonance imaging (MRI) scans. 
In clinical and epidemiologic studies, the WHR has been commonly used. 
In this summary of findings, reference is mainly given to these and other 
reviews in which further detailed information and references can be found. 
1) Background 
Vague (1947a) is the founder of research focussing on adipose tissue 
distribution, described in great detail, with correlations with disease. In the decades that 
followed, this phenomenon was described by a number of laboratories but had not 
attracted much attention until the 1980s. 
2) Epidemiology 
The renewed interest in this field seems to have arisen from population 
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studies in which large cross-sectional observations seemed to clearly point out the hazards 
of abdominal male-type obesity, whereas gluteofemoral female-type adiposity seemed to 
be more benign. In prospective studies, this observation could be demonstrated in a more 
conclusive way. 
Abdominal obesity, or localisation of an increased proportion of body fat to 
abdominal regions, has been found to be an independent risk factor for myocardial 
infarction, angina pectoris, stroke, and NIDDM. It increases the risk of premature mortality 
in both men and women. Preliminary data also suggest an association with carcinoma in 
women. Statistical correlations have been found between abdominal obesity and most of 
the established other risk factors for these diseases (Bjorntorp, 1992). A large body of data 
shows that within the wide, heterogeneous spectrum of human obesity, it is possible to 
identify a specific phenotype that is associated with insulin resistance and a propensity to 
develop NIDDM (Vague, 1956). Epidemiological studies have documented that a central 
pattern of fat distribution, as characterised by an increased ratio of the waist to hip 
circumference (W:H ratio) is a strong predictor for the later development of NIDDM 
(Haffner et al., 1990). The W:H ratio is a compounded index of several fat depots. A high 
W:H ratio is dependent on both the distribution between central (abdominal) and 
peripheral fat, as well as the distribution within the abdominal area (i.e., intraabdominal 
versus subcutaneous). The same amount of fat mass, if located within the abdomen (central 
region), contributes to a higher W:H ratio than if located in the abdominal subcutaneous 
depots (Bonadonna and DeFronzo, 1992). A specific constellation of epidemiologic, 
metabolic, morphological, and hormonal features distinguish obese individuals with central 
distribution of fat apart from obese individuals with a peripheral pattern -of fat localisation. 
A detailed review of epidemiologic studies on regional fat distribution is given by Bjorntorp 
(1988a). 
3) Clinical Characteristics 
Abdominal obesity is a typical male characteristic. Men seem to have two to 
three times more visceral fat than women, whether obese or not (Kvist et al., 1988). Men 
and women with an enlarged proportion of abdominal fat of ten have hypertension; 
elevated concentration of blood glucose, plasma insulin, very low density lipoprotein 
(VLDL); and low concentrations of high density lipoprotein (HDL). They smoke more and 
use more alcoholic beverages than average. Interestingly, men and women with this type of 
fat distribution also often have socio-economic disadvantages, psychosomatic diseases, and 
psychological and psychiatry problems, including depressive and anxiety states. Endocrine 
abnormalities are also often found, including low testosterone in men and lack of ovulation 
in women, who are often hyperandrogenic. Indications of increased secretion of cortisol are 
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also noted, although these reports so far are inconsistent (Bjorntorp, 1992). Taken together, 
the endocrinological aberrations suggest a dominance of the hypophysis-adrenal cortex axis 
and a disturbed or low activity in the gonadotrophic-gonadal axis. There may well be other 
disturbances of similar character, including hyperactivity of the hypothalamic-sympathetic 
nervous system axis, although this is not well established. Observations also suggest low 
thyroid-stimulating hormone values with normal thyroid hormone concentrations 
(Bjorntorp, 1992). It should be · noted that many of these endocrine abnormalities follow 
alcohol consumption, smoking, and some of the psychological-psychiatric conditions 
mentioned. 
In contrast, gluteofemoral adiposity is associated with fewer problems 
(Bjorntorp, 1992). Hyperinsulinaemia and deranged glucose tolerance are less pronounced. 
Hypertension is found but seems to be followed less frequently by vascular catastrophes in 
organs than when present in persons with abdominal obesity. Specific abnormalities that 
accompany this syndrome seem to be varicose veins and problems in the weight-carrying 
joints. In terms of sociopsychological variables, the picture is totally different from that 
noted in abdominal obesity. Both men and women who are obese but do not have 
prominent abdominal localisation of excess body fat seem robust. They are less susceptible 
to alcohol problems and smoke less often than average. The endocrine patterns of steroid 
hormones seems to be normal. This syndrome seems to be an expression only of a positive 
energy balance, with excess fat deposited harmonically in proportion to a normal adipose 
tissue distribution (Bjorntorp, 1992). The typical female depot in the gluteofemoral region 
has been suggested to be reserve depot for the augmented needs of childbearing and 
lactation, and an enlargement of this depot might thus be an expression of a physiological 
phenomenon. Detailed reviews on this subject can be found in the publications of 
Bjorntorp (1988a, 1988b, 1988c) and Kissebah and Peiris (1989). 
Taken together, these observations suggest that obesity with abdominal fat 
distribution is a more hazardous type of obesity (Bjorntorp, 1992). It should be noted that 
the epidemiologic observations here have been based on anthropometric measurements, 
mainly the W:H ratio. In cross-sectional studies, however, it has been shown repeatedly that 
the crucial factor seems to be the amount of visceral fat, which is strongly associated with 
the risk factors for the diseases in question (Bjorntorp, 1992). Detailed reviews on this 
subject can be found in Bjorntorp (1988c, 1990) and Kissebah and Peiris (1989). It should 
be noted, however, that several observations show or suggest that a small hip circumference 
is also contributing to a high W:H ratio. Either the skeletal frame, or more likely, the 
muscle girth of the pelvic region, mainly the gluteal muscles, might be a factor. It has also 
been shown (Larsson et al., 1989; Seidell et al., 1989) that this anatomy specifically 
correlates with alcohol consumption (Pettersson et al., 1992). Hip size is of particular 
interest in terms of regulation of insulin sensitivity, in which muscle tissue is a major 
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contributor. Qualitative muscle changes have also been demonstrated, suggesting 
involvement of muscle tissue in the marked insulin resistance in persons with a high W:H 
ratio (Bjorntorp, 1988c). 
4) Regulation of Regional Depot Fat Accumulation 
With some simplification, it thus seems that visceral depot fat is the adipose 
tissue of main interest in abdominal obesity whereas the gluteofemoral adipose tissue is the 
major adipose tissue in peripheral, benign obesity. Functionally these depots are quite 
different. Visceral fat seems to have a much more rapid turnover than the sluggish 
gluteofemoral fat depot. The subcutaneous abdominal, mammary, and retro-peritoneal 
adipose tissues seem to have an intermediate position in this respect (Bjorntorp, 1992). A 
detailed account of regional adipose tissue metabolism in man has been given by Rebuff e-
Scrive and Bjorntorp (1985). 
Examining the regulation of the metabolism of the adipocytes in these 
regions may allow elucidation of the mechanisms involved in excess accumulation of fat in 
one or the other of these depots. Such studies have therefore attracted considerable interest 
and are reviewed briefly here. The information is still far from complete, but some key 
observations deserve mention. 
The gluteof em oral depot is characterised mainly by a sluggish lipid 
mobilisation in both men and women. The depot is larger in women. During late pregnancy 
and lactation, changes take place to allow an excess of this triglyceride for mobilisation and 
utilisation. The lipid uptake seems to be slower also. In other words, the turnover of this fat 
is apparently rather slow under ordinary conditions (Bjorntorp, 1992). The factors 
regulating lipid mobilisation here are largely unknown. The main regulating enzyme for 
lipid uptake, lipoprotein lipase (LPL), seems to be dependent on cortisol and female sex 
steroid hormones, particularly progesterone. There is an apparent absence of specific 
receptors for the sex steroid hormones in human adipose tissue. Therefore, it is speculated 
that interactions with the glucocorticoid activity by way of the glucocorticoid receptor, 
present in abundance, -may be likely, and it may well be that progesterone enhances LPL 
activity through this receptor (Bjorntorp, 1992). 
The reason for accumulation of fat in gluteof em oral obesity then may only be 
a normal traffic of circulating lipid trapped in these regions· by high LPL activity and slow 
lipid mobilisation, all normally regulated (Bjorntorp, 1992). 
Several discrete intraabdominal adipose tissues exist. The visceral fat depots 
of specific interest here seem to be those drained by the portal vein (portal adipose tissues), 
the mesenteric and omental adipose tissues. Both are highly sensitive to lipolytic stimulii, 
apparently with an exception in normal women. Lipid uptake also seems to be high, 
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suggesting a rapid turnover of this fat. Regulation of these processes is most likely also 
occurring by means of an interaction between cortisol and sex-steroid hormones, a 
statement based on the following observations (Bouchard, 1992). The density of 
glucocorticoid receptors seems to be particularly high in these adipose tissue depots, 
subjecting them to more pronounced cortisol effects than other adipose tissues. 
Presumably, this density would induce more · LPL activity here, explaining a high lipid 
uptake. The interactions by the sex steroid hormones here are unclear. Testosterone effects 
might, however a priori be suspected to be of importance because the abdomen is a typical 
male depot. Androgen receptors are present, but the relative density is so far unknown. 
Testosterone seems to inhibit LPL activity induced by cortisol, but apparently not through 
competition at the hormonal receptor level, and might instead be regulated at the level of 
the gene expression of LPL activity (Bjorntorp, 1992). 
The regulation of lipid mobilisation is also only partially known. 
Accumulation of depot fat in visceral adipose tissue would occur by either stimulation of 
the update mechanisms, inhibition of the lipolytic mechanisms, or both in combination. 
Stimulation of LPL by the high density of glucocorticoid receptors seems to be a likely 
mechanism; high cortisol secretion then would be expected to be followed by visceral lipid 
accumulation. This response might be a consequence of the potentially elevated cortisol 
secretion in abdominal obesity. Low testosterone secretion would also give this final result 
because of a smaller than normal lipid mobilisation potential. Low testosterone values have 
indeed been observed in abdominally obese men. This might in addition release a relative 
inhibition of the cortisol-induced LPL induction. As mentioned earlier, women with 
abdominal obesity often do not ovulate and therefore secrete abnormally small amounts of 
progesterone. The effects of progesterone on the regulation of the metabolism of visceral 
adipocytes are not known. It should be noted, however, that a lack of progesterone effects 
on the gluteofemoral adipocytes might mean a passive, compensatory accumulation of 
excess lipid in all depots, including visceral fat depots. 
A working hypothesis (Figure 2.3) has been given by Bjorntorp (1992). More 
detailed reviews can be obtained from Rebuffe-Scrive and Bjorntorp (1985) and Bjorntorp 
et al. (1990). 
Taken together, these data suggest different population of adipocytes in 
different regions of human adipose tissue. The principal differences in characteristics may 
well be found in the expression of different densities of steroid hormone receptors as 
exemplified by the high density of glucocorticoid receptors in visceral adipose tissue. 
Steroid hormone interactions may also well be different in adipocytes from different 
regions. It is also an interesting possibility that certain of these hormones may interact at 
the genomic level, e.g., cortisol and testosterone. Also such interactions might be regionally 
specific. In short, various adipocytes may well be genetically different in expressing steroid 
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hormone receptors or m the synergistic-antagonistic receptor hormone complex 
interactions. 
5) Mechanisms for the Associations Between Abdominal Obesity and Diabetes 
In principle, abdominal obesity might be a causative factor in the statistically 
associated diseases or might be a parallel phenomenon. Both these alternatives as 
elucidated by Bjorntorp (1992) are discussed below. 
a) Direct Cause-and-Effect Relationship 
As mentioned earlier, visceral fat is most probably the critical part of adipose 
tissue enlargement. The specific function of this adipose tissue may well be considered to 
be the direct cause of the abnormalities and diseases associated with abdominal obesity. 
As mentioned previously, portal adipose tissue is highly sensitive to 
stimulation by lipid mobilisation, particularly in abdominal obesity in men and women. This 
fact in combination with the increased mass of these adipose tissues in abdominal obesity 
most likely results in large elevations of free fatty acid (FFA) concentrations in portal vein. 
Several consequences may then follow. 
A first metabolic consequence is stimulation of gluconeogenesis. Fatty acid 
oxidation seems to be a prerequisite for this stimulation. 
Portal FF A stimulates the secretion of VLDL from the liver. This stimulation 
seems to occur by means of delivery of triglyceride to an assembly site of the VLDL in the 
liver, where the other VLDL constituents, including the protein moiety, apo B-100, are 
present in excess. Therefore, the concentrations of FF A determine the synthesis and 
secretion of VLDL, as well as apo B-100. Low density lipoproteins (LDL) are a product of 
VLDL through triglyceride removal; therefore, increased VLDL production implies an 
increased risk for retention also of LDL in the circulation. 
Finally, FFA may well interact with hepatic clearance of insulin. Insulin is 
produced by the pancreatic B cells and secreted into the portal vein. A large part is then 
directly taken up by the liver. It is known that this hepatic clearance of insulin is diminished 
in obesity, particularly with abdominal localisation. In isolated liver cells, fatty acids in 
physiologic concentrations cause a decreased binding, degradation, and effect of insulin. 
These effects seem to be dependent on fatty acid oxidation. It thus seems that the 
decreased liver clearance of insulin in abdominal obesity might be an additional effect of 
portal FF A. The consequence would be peripheral hyperinsulinaemia, which is further 
amplified by increased insulin production, known to occur in obesity in general. An 
exhaustive review on this subject can be found in Bjorntorp (1990a). 
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The consequences of the effects on liver metabolism of portal FFA would 
then be, in summary, that gluconeogenesis is triggered and insulin shunted away from the 
liver, both apparently consequences of fatty acid oxidation. Excess fatty acids are then 
secreted from the liver as VLDL. This may well be a physiological regulatory mechanism of 
importance when absorptive metabolism is shifted to postabsorbtive, at which point fatty 
acids are metabolised for energy purposes. In this situation, liver gluconeogenesis is needed 
for brain metabolism. The lipolytically sensitive portal adipose depots will presumable 
mobilise FFA into the portal veins early in the postabsorptive phase and might then be an 
important regulatory mechanism to trigger hepatic gluconeogenesis. Insulin would 
counteract hepatic glucose production, and it is therefore meaningful that insulin is 
removed from the scene by the same mechanism that starts gluconeogenesis-namely, fatty 
acid oxidation (Bjorntorp, 1990a, 1990b ). 
Although probably an useful regulatory mechanism under physiological 
conditions, it is apparent that the consequences of FFA mobilisation into the portal 
circulation might be exaggerated, particularly in visceral obesity. Glucose and VLDL 
production would increase and insulin clearance decrease, with a resulting risk of 
hyperglycaemia, hyperlipidaemia, and hyperinsulinaemia. These are all established risk 
factors for cardiovascular disease, stroke, and NIDDM. Information now also suggests that 
hyperinsulinaemia produces hypertension, another strong risk factor for the diseases 
mentioned (Bjorntorp, 1992). 
In summary, then, there is now evidence that the increased mass of portal 
adipose tissue in abdominal obesity may, through increased concentrations of portal FFA, 
generate most of the established risk factors for cardiovascular disease, stroke and 
NIDDM. If this is correct, then there would be a direct cause-and-effect relationship 
between increased visceral fat masses in abdominal obesity and the diseases for which 
abdominal obesity is a risk factor in prospective studies (Bjorntorp, 1992). A more detailed 
review on this subject can be found in Bjorntorp (1990a, 1990b). 
b) Parallel Phenomenon to a Disease-Causing Factor 
A central phenomenon in abdominal obesity is insulin resistance. When the 
cause of this insulin resistance is elucidated, then many of the secrets of the pathogenesis of 
the complications of abdominal obesity will be known. Bjorntorp (1992) has considered this 
possibility as outlined below. 
Insulin resistance is found in most insulin-responsive tissues in obese persons. 
A major tissue determining total body insulin sensitivity is muscle. Therefore, the cause of 
insulin resistance in muscle is of considerable interest. 
In addition to severe insulin resistance in muscle, abdominal obesity is 
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characterised by a specific muscle morphology with a diminished number of type 1, slow-
twitch, insulin-sensitive fibres and an increase in type 2 fast-twitch, less insulin-sensitive 
fibres (Bjorntorp, 1992). 
The insulin sensitivity of these muscle fibres in a steady-state, resting 
situation is probably determined by the number of insulin receptors, which is higher in type 
1 than type 2 fibres. This is, however, unlikely to be the only factor determining insulin 
sensitivity of muscles. Capillary density has been repeatedly shown to be inversely 
correlated with insulin sensitivity in obesity, particularly of the abdominal type. Studies 
now indicate that it is not only the capillary density but actually capillary blood flow that is 
associated with insulin sensitivity. Kinetic studies suggest that insulin is bound to capillary 
endothelium, which acts as an intermediary reservoir for the diffusion of insulin out of its 
active site on the muscle cells. Low capillary blood flow then results in a smaller reservoir 
of insulin and therefore perhaps is followed by less insulin action, observed as insulin 
insensitivity of muscle with low capillary blood flow (Bjorntorp, 1992). 
Muscle fibre competition has been suggested to be to a large extent 
genetically determined, but environmental factors clearly have an at least equally important 
role. For example, physical training is known to shift muscle morphology towards a picture 
of with more capillarisation and more insulin-sensitive type 1 muscle fibres. In ordinary 
training programmes, this change is not very impressive, but in extreme cases of maximal 
recruitment of fibres versus total inactivity, type 1 fibres have been shown to vary in 
proportion from almost 100% to absence, respectively (Bjorntorp, 1992). 
The endocrine status is of major importance here also. Sex steroids are also 
of importance. Oestrogen seems to diminish muscle fibre diameter and increase the 
number of insulin-sensitive fibres, a typical female characteristic. Testosterone clearly has 
the opposite effect. Bjorntorp (1988c) has reviewed this topic in great detail. 
These endocrine modifications are of interest in abdominal obesity, when 
increased secretion of cortisol and, in women of testosterone probably is an established 
abnormality. In women, cortisol plus testosterone would be responsible, whereas in men, 
only cortisol hypersecretion might be a causative factor because abdominally obese men 
have lower testosterone concentration than normal (Bjorntorp, 1992). 
It is well known that cortisol has an immediate (hours to days) effect on 
insulin sensitivity in various tissues, including muscle. This ~lso seems to be the case with 
testosterone, which produces marked insulin resistance, localised primarily in muscle, after 
only two days of administration, before muscle morphology has changed. This observation 
then suggests that insulin resistance is a primary feature whereas morphology changes 
might be secondary (Bjorntorp, 1992). 
After considering these observations, it seems possible that the insulin 
resistance in abdominal obesity is primary to the endocrine aberration(s). As suggested 
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previously, the distribution of fat primarily to the abdominal regions might also be a 
consequence of the endocrine aberration, which then becomes a primary factor for the 
whole syndrome of abdominal obesity. Bjorntorp (1992) has summarised this and it is 
depicted diagrammatically in Figure 2.4. 
Also, there is evidence that hyperinsulinaemia might act as a gonadotropic 
factor, causing increased testosterone secretion (Portesky and Carlin, 1987). This then 
would mean a vicious cycle with hyperinsulinaemia, insulin resistance and testosterone 
secretion as participants. Peripheral FF A concentrations have been reported to be elevated 
in abdominal obesity, being most pronounced in the late night and early morning (Kissebah 
et al., 1985). Also, at normal FF A concentrations, the turnover rate has been reported to be 
elevated (Jensen et al., 1989). The consequence of such aberrations would also be expected 
to cause insulin resistance in muscle, according to the so-called Randle's hypothesis (Randle et al., 1963). 
6) Synthesis of Pathogenetic Factors 
It thus seems apparent that most of the abnormalities in anthropometry, 
adipose tissue, muscle and liver metabolism, as well as the secondary consequences of these 
aberrations in central energy metabolism with associated risk for disease, might possibly be 
explained by the endocrine perturbations. There then seems to be an increased secretion of 
cortisol in combination with abnormalities in other hypothalamic-pituitary axes, including 
low sex steroid hormone secretions, increased central sympathetic nervous system activity, 
and possibly a poorly defined aberration in the thyroid axis, as mentioned earlier. 
The background for these aberrations in turn might be a combination of 
factors in an arousal syndrome caused by factors such as stress, alcohol ingestion, and 
smoking. The role of these factors in the pathogenesis of the consequence of abdominal 
obesity, cardiovascular disease, stroke and NIDDM is not clear (Bjorntorp, 1992). 
Bjorntorp (1992) has given a schematic presentation of the situation (Figure 2.5). Primary 
risk factors might generate secondary risk factors, which in turn might act as direct triggers 
at the diseased locus, such as the arterial wall. These risk factors are well established and 
are consistently found just because of their proximity to their consequences. The primary 
factors are, in contrast, more 'distant' from the disease proC(?SS and might therefore more 
easily be confounded by various other factors. These viewpoints have now been developed 
in more detail (Bjorntorp, 1990a). Such primary risk factors might be mediated or 
paralleled by abdominal obesity. 
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2.2.6 OBESITY AND DIABETES 
Diabetes occurs in obese persons at three times the rate in nonobese (Van 
Hallie, 1985). As noted earlier, central obesity is associated with development of 
cardiovascular disease and NIDDM. Upper body obesity differs from lower body obesity in 
that the former is apparently primarily hypertrophic whereas the latter is hyperplastic 
(Kissebah et al., 1882; Krotkiewski et al., 1983). Hypertrophic cells have been found to be 
insulin resistant (Salans, 1968; Olefsky, 1976), and individuals with upper body obesity have 
been found to be more insulin resistant than other obese individuals (Kissebah et al., 1982; 
Krotkiewski et al., 1983; Evans et al., 1984; Ward et al., 1985). Diabetic individuals, 
especially women, often have central or upper body fat distribution (Feldman et al., 1969; 
Sims, 1979; Kissebah et al., 1982; Hartz et al., 1983, 1984; Joos et al., 1984; Mueller et al., 
1984). 
1) The Association of Obesity with Risk Factors for Diabetes 
Epidemiologic studies have found associations between obesity and 
worsened values of many risk factors for diabetes and cardiovascular disease. These risk 
factors include cholesterol and its subfractions low density lipoprotein (LDL ), very low 
density lipoprotein (VLDL ), and high density lipoprotein (HDL ), blood pressure, uric acid, 
blood glucose and vital capacity (Anderson and Kannel, 1992). Because weight loss often 
improves many of these risk factors, it would appear to be an useful measure for preventing 
diabetes and cardiovascular disease. 
Both cross-sectional and longitudinal studies have been used to examine the 
relationship between obesity and risk factors. Cross-sectional studies give a snapshot in 
time of which risk factors are elevated in obese people, whereas longitudinal studies show 
which risk factors are elevated as people gain weight (Anderson and Kannel, 1992). 
Ashley and Kannel (1974) compared changes in weight in the first nine 
biennial Framingham examination cycles with changes in total cholesterol, systolic blood 
pressure, uric acid, and blood glucose. Subjects were not fasting for these examinations. 
Weight gain was significantly correlated with deleterious changes in each of the variables 
studied in both men and women. Regression lines were computed associating each of these 
changes with weight. Using a risk factor model with these presumed changes suggests that 
weight is an important risk determinant. 
Anderson et al. (1987) have extended these Framingham Study results using 
data from the Framingham Off spring Study, in which fasting blood specimens lipoprotein 
fractions were studied. Weight gain was associated with higher total, LDL, and VLDL 
cholesterol. It was also associated with lower LDL cholesterol. All of these results held for 
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both men and women. 
Borkan and colleagues (1986) studied change in weight and its association 
with changes in risk factors in men from 21 to 81 years of age at study entry in the 
Normative Aging Study. Changes in weight were found to be associated with changes in 
blood pressure, cholesterol, triglyceride, fasting and 2-hour postprandial blood glucose, uric 
acid and vital capacity. 
The waist to hip circumference measure of central adiposity has been found 
to be associated with increased age, blood pressure, cholesterol, triglycerides, cigarette 
smoking, and blood glucose in women (Lapidus et al., 1984). In a smaller study of men, 
Larsson et al. (1984) found this ratio to be associated with blood pressure. 
Obesity, defined as an increased total mass of body fat, has to be 
differentiated from abdominally distributed adipose tissue when the consequences of these 
two conditions are evaluated. This seems to apply to a number of prevalent serious 
conditions, but for NIDDM it seems that both factors are important, although through 
different mechanisms. Obesity seems to be associated with insulin secretion, while the 
distribution of adipose tissue to the abdominal regions seems to be more closely linked with 
decreased hepatic gluconeogenesis, as well as with peripheral insulin resistance. This in 
turn might be associated with factors responsible for the distribution of fat to the 
abdominal regions. The most likely hypothesis at present seems to be that steroid hormones 
are involved in this redistribution. 
2) Glucose Metabolism in Obesity and NIDDM 
Obesity and NIDDM frequently occur together (Knowler et al., 1981; 
Defronzo, 1988). A number of studies have shown that obesity is a strong risk factor for the 
later development of NIDDM (Barnet et al., 1981; Knowler et al., 1981; Haffner et al., 
1990) and shares with it the syndrome of insulin resistance (DeFronzo, 1988; Bergstrom et 
al., 1990). Both conditions are at least in part genetically determined, as shown in several 
family studies (Barnet et al., 1981; Knowler et al., 1981; Bouchard et al., 1990b ). Moreover, 
insulin resistance also appears to be a familial trait (Lillioja et al., 1987; Haffner et al., 
1988). Summing up, obese individuals and 80-90% of NIDDM patients have altered body 
composition, insulin resistance, and a genetic background . predisposing to their disease 
(Bonadonna and DeFronzo, 1992). 
From these observations stem the long-held hypothesis that obesity may be 
considered a prediabetic state and that much can be learned from similarities and 
dissimilarities between the two diseases, in an effort to elucidate the natural history of 
NIDDM in humans. Bonadonna and DeFronzo (1992) have extensively reviewed the 
current knowledge and concepts regarding glucose metabolism in NIDDM and obesity. 
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Only a brief overview is presented here. 
Obesity and diabetes share the characteristic of insulin resistance, but 
diabetes adds . to it the presence of overt hyperglycaemia, i.e., the breakage of the normal 
glucose homeostatic loop that links plasma glucose and plasma insulin (Figure 2.6). 
Furthermore, the twin concepts of insulin secretion and insulin resistance are of importance 
in the pathogenesis of NIDDM. Both of them are considered in great detail by Bonadonna 
and DeFronzo (1992). 
Insulin secretion in human NIDDM is a complex function. Fajan's (1986) 
findings have indicated that insulin secretion in NIDDM is truly heterogeneous and that 
several factors ( e.g., obesity, duration of the disease, degree of metabolic control) underlie 
this heterogeneity. More carefully conducted studies (Cerasi et al., 1972; Halter et al., 1979) 
have demonstrated that the B-cell secretory capacity for both glucose and nonglucose 
secretagogues is decreased in NIDDM individuals. Moreover, there is some evidence that 
B-cell mass is also decreased by about 30-40% in NIDDM. This B-cell loss is not sufficient 
per se to explain the breakage of glucose homeostasis, however, and an additional specific 
defect of B-cells needs to be postulated in NIDDM (Brooks, 1979). Interestingly, in 
relatives of NIDDM patients, who are at high risk for developing the disease later in life, 
subtle defects in insulin secretion that have been found may be an index of a specific 
functional abnormality (O'Rahilly et al., 1988c). This finding also points out that the B-cells 
can have an important pathogenetic role in the development of NIDDM. 
3) Obesity: From Insulin Resistance to NIDDM 
a) Insulin Resistance and the Development of NIDDM 
Obesity and diabetes appear to affect muscle glucose metabolism in a striking 
fashion. Nonetheless, most of the available evidence leans toward the additive effect 
( although to a partial degree) of the two syndromes in determining insulin resistance 
(DeFronzo, 1988). This phenomenon can be due to exceedingly increased risk of 
developing diabetes in that subset of the obese normotolerant population characterised by 
the most severe degree of insulin resistance, the exacerbation of insulin resistance during 
the natural history proceeding and following the onset of the dis~ase, and a combination of 
these possibilities (Bonadonna and DeFronzo, 1992). 
In Pima Indians, Nauruans, and Mexican Americans, hyperinsulinaemia, an 
accepted marker for insulin resistance, is a strong predictor of the development of diabetes (Sicree et al., 1987; Haffner et al., 1990). This evidence is still lacking for other populations. 
However, Caucasian subjects with a positive family history of NIDDM and therefore at risk 
for developing the disease later in life have been reported to be insulin resistant, even when 
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studied in a phase of preserved glucose tolerance (Eriksson et al., 1989). Similar evidence 
has been found in Mexican Americans (Gulli et al., 1990). These data support the 
hypothesis that no further significant deterioration of insulin sensitivity occurs when an 
individual passes normal glucose tolerance to NIDDM. Rather, B-cell failure appears to be 
the key event that causes the emergence of hyperglycaemia. 
Although this body of evidence indicates that deterioration of B-cell function 
may play a pivotal part in the emergence of NIDDM, a role for progressive deterioration of 
insulin sensitivity cannot be ruled out (Bonadonna and DeFronzo, 1992). There are two 
potential factors that are capable of inducing a progressive impairment in insulin 
sensitivity-free fatty acids and glucose toxicity. 
b) Free Fatty Acids: A Metabolic Antagonist 
Circulating free fatty acids (FF A) have been the object of thorough 
investigation in the past decade. They can potentially increase liver glucose output and 
impair glucose removal by the peripheral tissues (Randle's Cycle) by a substrate 
competition mechanism (Bonadonna and DeFronzo, 1992). 
Bonadonna and DeFronzo (1992) have stated that if the substrate 
competition has any role in the pathogenesis of the metabolic deterioration in the 
peripheral tissues in patients with NIDDM, one should observe the following patterns of 
phenomena: 
i) Increased FFA disposal/oxidation is paralleled by an increased rate of lipid 
oxidation. 
ii) Increased FF A/lipid oxidation is concomitant with and paralleled by a 
decrease in glucose oxidation and, possibly in glucose storage. 
iii) As the glucose tolerance worsens, more and more lipids are oxidised and less 
and less glucose is oxidised and stored. 
Bonadonna and DeFronzo (1992) have suggested that substrate competition 
might have a role in causing and sustaining peripheral (skeletal muscle) insulin resistance in 
uncomplicated obesity but has a minor role, if any, in mediat~ng the metabolic derangement 
that characterises overt diabetes. 
The other potential interaction between FF A and glucose metabolism 
involves the liver. Bonadonna and DeFronzo (1992) are of the opinion that if substrate 
competition plays a significant part in the passage from normal glucose tolerance to 
NIDDM, the following phenomena should be observed in NIDDM patients: 
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i) An increased FF A disposal/ oxidation. 
ii) The increase in FFA oxidation should be paralleled by an impairment in 
insulin-mediated inhibition of hepatic glucose production. 
iii) As glucose tolerance worsens, a parallel deterioration of hepatic insulin 
sensitivity and increase in FF A disposal/ oxidation should take place. 
c) Glucose: A Metabolic Toxin 
Since it was first proposed by Unger and Grundy (1985), the hypothesis that 
hyperglycaemia per se causes peripheral insulin resistance and impairs the ability of the B-
cells to respond to hyperglycaemic stimulus has been substantiated by a compelling body of 
experimental data. The hypothesis is presented schematically in Figure 2.7. 
The concept of glucose toxicity in humans has been well documented (Yki-
J arvinen et al., 1987; Richter et al., 1988). 
With regard to insulin secretion, only some indirect evidence is available. It is 
well documented that NIDDM subjects have a specific defect in the ability of the B-cells to 
respond to glucose, whereas the response to nonglucose stimulii is relatively intact 
(Bonadonna and DeFronzo, 1992). Effective lowering of plasma glucose concentration, 
regardless of the therapy, leads to amelioration of the B-cells ability to respond to the 
hyperglycaemic stimulus (DeFronzo, 1988). 
Recently, Simonson et al. (1992) have stated that in the pathological 
sequence of NIDDM, hyperglycaemia must be viewed not only as a manifestation of 
NIDDM, but also as its cause. They have given a diagrammatic representation (Figure 2.8) 
of the role of hyperglycaemia in the pathogenesis of NIDDM. 
d) A Path from Obesity to NIDDM 
As already discussed in detail, a triad of metabolic disturbances (Bonadonna 
and DeFronzo, 1992) characterises obese NIDDM subjects when compared with 
normotolerant obese individuals: 
i) A decrease in glucose-stimulated insulin secretion. 
ii) An increase in hepatic glucose production, both in the basal state and in 
low range physiologic hyperinsulinaemia. 
iii) A decrease in insulin-mediated glucose uptake. 
Bonadonna and DeFronzo (1992) have described in detail the pathogenetic 
cascade that leads to and sustain hyperglycaemia in obese diabetic individuals. 
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Hyperglycaemia impairs insulin secretion and insulin sensitivity. Decreased insulin 
secretion causes increased FF A output, on which insulin exerts an inhibitory effect. 
Increased FF A levels decrease glucose utilisation and stimulate glucose production. Both 
these effects cause greater hyperglycaemia. 
Defronzo et al. (1992) have summarised the pathogenesis of NIDDM by 
stating that there exist two 'classical' defects, insulin deficiency and insulin resistance. 
Either can be primary and is sufficient to induce hyperglycaemia. On clinical and 
epidemiological grounds, it would appear that insulin resistance most commonly initiates 
the sequence of events leading to NIDDM. As long as the pancreas can sustain a 
sufficiently high insulin secretary rate to offset the insulin resistance, glucose tolerance will 
remain normal or will be only mildly impaired. Once the B-cell begins to fail, however, 
glucose tolerance deteriorates rapidly and a frank diabetic state ensues. Thus, the 
development of NIDDM requires the presence of two fundamental defects, i.e., insulin 
resistance and impaired insulin secretion, which disrupt the delicate balance by which 
insulin target tissues communicate with the B-cells and vice versa. 
2.2.7 UTILITY AND LIMITATIONS OF ANTHROPOMETRIC MEASUREMENTS 
AND RATIOS IN STUDYING BODY FAT DISTRIBUTION 
2.2.7.1 Skinfolds, Circumferences and Skinfold and Circumference Ratios 
Skinfolds and circumferences have become a popular tool for assessing fat 
patterns and fat distribution in population and epidemiological studies. There seems to be, 
however, little agreement as to which measurements may be optimal indicators of fat 
distribution in relation to NIDDM and CHD risk factors (Seidell et al., 1992). Different 
indicators of fat distribution have been observed to be related to different aspects of 
NIDDM risk. It has been proposed (Seidell et al., 1992) that subcutaneous fat patterning 
assessed by skinfolds is measuring different aspects of fat distribution compared to 
circumferences and circumference ratios. Studies (Seidell et al., 1987a) have demonstrated 
that amounts of intraabdominal and subcutaneous fat can be predicted accurately by means 
of easy-to-measure anthropometric variables and age. These predictions may be important 
in future research because they enable the specific effects o~ these fat depots on morbidity 
and mortality to be estimated. 
In recent years there has been increasing evidence that measures of adipose 111 
distribution may also be predictive of NIDDM (Sosenko et al., 1993). For example, 
prospective studies suggest that the waist-hip ratio and subscapular-triceps ratio are strong 
predictors of diabetes (Ohlson et al., 1985; Haffner et al., 1990). However, measures of 
adiposity distribution have generally not been utilised for screening NIDDM. According to 
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Sosenko et al. (1993) this may result from a lack of available information concerning the 
adequacy of these measures for screening. They have suggested that certain measures of 
adiposity distribution are more accurate than measures of overall obesity extent (BMI) for 
screening NIDDM and that they may be useful in screening programmes. 
The basis for the relationships between NIDDM and adipose distribution 
measures is not fully understood (Sosenko et al., 1993). It is possible that these measures 
are indicative of insulin resistance which is associated with the development of NIDDM (Granner and O'Brien, 1992). In this regard, waist:hip ratio is an indicator of visceral 
abdominal fat which is thought to be associated with insulin resistance (Bergstrom et al., 
1990). It is also possible that individuals who develop NIDDM have constitutional 
tendencies for certain adipose tissue distributions. Thus, associations of NIDDM with 
adipose distribution measures are not necessarily indicative of causality. 
Anthropometric measurements are surrogate measures of fat distribution and 
are often imprecise (Mueller et al., 1991). Ratios of two anthropometric measures have 
lower reliability than is true for the individual measures that make them up (Kushi et al., 
1988; Mueller and Kaplowitz, 1994). According to Mueller and Kaplowitz (1994) little is 
known about the measurement precision of ratio indices and multivariate constructs of 
body fat distribution. They found that intra- and inter-observer precisions were highest for 
weight, height, body mass index and six body circumferences studied (0.95 - 0.99) and were 
lower and more variable for five skinfold thicknesses studied (0.80 - 0.99). The 
measurement precision of ratio indices derived from the circumferences (waist/ hip and 
waist/thigh) and the skinfolds (subscapular/ thigh and triceps/ subscapular) were lower and 
more variable than precisions of the single variables. Circumference ratio precisions varied 
from 0.81 to 0.96 and skinfold ratios varied from 0.28 to 0.94. Precisions of a multivariate 
construct of central fat distribution from five skinfold measures were better (0.77 - 0.95). 
Inter-examiner precisions tended to be significantly lower than intra-examiner precisions 
for skinfold thicknesses and all composite indices. Nevertheless, there are a number of 
simple indices of body fat distribution which have been widely and often uncritically used 
in epidemiologic research (Mueller et al., 1991). Skinfold methods do not seem to be as 
strongly associated with disease risk factor levels as circumferences, no matter how they are 
combined to describe central fat (Mueller et al., 1991). Studies of body fat distribution in 
Mexican American adults (Mueller et al., 1991) have shown that body circumferences do as 
well or better than skinf old measures in strength of association with NIDDM risk factor 
levels. Because skinfolds often cannot be measured in the obese, especially on the lower 
limbs (Mueller et al., 1987), body circumferences may be a pref erred methodology. They 
also have a slightly higher reliability than skinfolds (Mueller and Wear, 1987). Thus, as 
originally suggested by Ashwell et al. (1982), circumferences are an useful and valid 
method for the study of anthropometric distribution of body fat. Furthermore, Mueller et 
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al. (1991) have stated that the use of skinfolds to study body fat distribution in non-obese 
individuals is important in understanding anthropometric distribution of adiposity. 
It is now recognised that obesity is heterogeneous with respect to its effect on 
health in adults. Centralised obesity in particular has been associated with a variety of 
chronic diseases of the industrial age (Mueller et al., 1991). Body fat distribution has been 
measured by several techniques including skinfolds (Vague, 1956., Feldman et al., 1969; 
Blair et al., 1984; Norgan and Ferro-Luzzi, 1986; Reichley et al., 1987), body diameters and 
circumferences (Ashwell et al., 1978, 1982; Hartz et al., 1984; Lapidus et al., 1984) and body 
silhouette figures (Ashwell et al., 1978; Craig and Bayer, 1967). The most common index of 
centralised fat in the epidemiologic literature seems to be the ratio of the waist to the hip 
circumferences. Validation studies of indices of body fat distribution are scarce (Mueller et 
al., 1991). Some studies have suggested the validity of using the waist/ thigh circumference 
ratio or a discriminant function involving the waist and thigh areas of the body as the best 
descriptors of centralised fatness (Ashwell et al., 1978, 1982). Others have suggested the 
usefulness of several skinfolds used in combination constructed from principal components 
analysis (Reichley et al., 1987; Mueller and Reid, 1979; Mueller and Wholleb, 1981; Norgan 
and Ferro-Luzzi, 1985). According to Mueller et al. (1991) the use of waist/ hip 
circumference ratio has never been justified, other than that the variables which make up 
the index seem to have been collected in certain studies, and its use has spread through 
literature. No doubt the simplicity of the waist/ hip ratio appeals to many, and measurement 
of skinfolds in the obese is not always possible (Bayer et al., 1987). Hence alternate 
measurements of body fat distribution have been sought (Ashwell et al., 1978, 1982; 
Mueller et al., 1987). 
Recent studies of body fat distribution in The Netherlands (Seidell et al., 
1987a), Mexican Americans (Mueller et al., 1991), Europeans (Seidell et al., 1992), and 1111 
Hispanic and non-Hispanic Americans (Sosenko et al., 1993), have utilised various 
anthropometric measures and indices. 
Seidell et al. (1987a) studied five circumferences, namely, smallest waist 
circumference, umbilical level, widest hip circumference, hips at the level of the anterior 
superior iliac spine of the iliac crest, and highest thigh circumference; they also utilised four 
circumference indices, namely, the ratio of waist circumference:hip circumference (WHR) 
and the ratio of waist circumference:thigh circumference (WTR) based on the umbilicus 
level, hips at the iliac crest, and highest thigh circumference. They also measured two 
skinfolds, para-umbilicus and suprailiac. 
Mueller et al. (1991) studied four body circumferences, namely, relaxed arm 
at a marked point midway between elbow and the acromial process of the shoulder, waist at 
the umbilicus or at maximum girth for stouter subjects, hip at the maximum extension of 
the buttocks, and lower thigh at a level marked one inch above the upper border of the 
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patella. They also measured six skinfolds, namely, biceps, triceps, subscapular, suprailiac 
( over the iliac crest in the midaxillary line), lower thigh ( at the same level as the 
circumference but slightly lateral to the patella), and the medial calf (at estimated 
maximum circumference). They utilised four indices of fatness, i.e., the sum of skinfolds; 
and the three individual (waist, hip and thigh) circumferences. They also studied five fat 
distribution indices, namely, ratio of waist to . hip circumference, ratio of waist to thigh 
circumference, ratio of upper to lower body skinfolds {(biceps + triceps + subscapular) / 
(subscapular + thigh + calf)}, and ratio of central to peripheral skinfolds {(subscapular + 
suprailiac) / 2 / (biceps + triceps + thigh + calf)} / 4. They found that the ratio of waist to 
thigh circumference was the simplest and most reliable index of body fat distribution for 
both sexes. The more commonly used waist/hip ratio proved more valid in women but not 
in men. Simple skinfold indices of body fat distribution were more poorly correlated to risk 
factor levels than the corresponding circumference ratios. 
Seidell et al. (1992) measured triceps, biceps, subscapular, suprailiac and 
mesogastric (abdominal) skinfolds. They also investigated six circumferences, namely, chest 
(over the nipples), waist 1 (midway between the xiphoid process and the lateral lower rib 
margin), waist 2 (midway between the lateral lower rib margin and the superior anterior 
iliac crest), waist 3 ( widest circumference between the xiphoid process and the superior 
anterior iliac crest), waist 4 (smallest circumference between the xiphoid process and the 
superior anterior iliac crest), hip (maximal circumference over the major trochanters), thigh 
(horizontal circumference at the level of the gluteal fold), and arm ( at the level of the 
triceps skinfold measurement). Waist to hip and waist to thigh circumference ratios were 
calculated. They found that all skinfolds were independently of BMI positively related to 
diastolic blood pressure. Waist circumference at most levels were independently of BMI 
positively related to blood pressure and triglycerides and negatively to HDL-cholesterol. 
Circumferences at the levels of chest, hips, thigh and arm were not related to any of the risk 
factors studied. Waist/thigh ratios were generally more strongly and more consistently 
related to risk factors than waist/hip ratios. These results gave an indication, however, that 
subcutaneous fat patterning is related to different risk factors compared to waist/hip ratios. 
Moreover, waist/thigh ratio and waist circumference alone (measured either as the 
minimal circumference or midway between the lower rib margin and the iliac crest) were 
stronger correlates of cardiovascular risk factors compared to waist/hip ratio. 
Sosenko et al. (1993) studied waist and hip circumferences, subscapular and 
triceps skinfolds thicknesses and waist-hip and subscapular-triceps ratios and reported that 
certain measures of adiposity distribution are more accurate than measures of overall 
adiposity extent (BMI) for screening NIDDM and that they may be useful in screening 
programmes. 
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2.7.7.2 Other Methods of Studying Body Fat Distribution 
There are two other methods of studying body fat distribution, namely, principal components analysis (PCA) and computed tomography (CT). Several investigations (Mueller and Reid, 1979; Mueller and Wholleb, 1981; Deutsch et al., 1985; Norgan and Ferro-Luzzi, 1985; Reichley et at, 1987., Mueller et al., 1991) have utilised principal components analysis to study body fat distribution. Principal components analysis 
of sets of risk factors has been used (Bailey et al., 1987; Blair et al., 1988) to demonstrate a 
relation of centralised fatness to NIDDM risk factors. It is an useful statistical technique to 
elucidate the associations dealing with the relation between two sets of vectors: NIDDM 
risk and anthropometric surrogate measures of fat distribution (Mueller et al., 1991). 
Mueller et al. (1991) computed a principal component of centralised fatness based on six skinfolds (biceps, triceps, subscapular, suprailiac, lower thigh and medial calf) 
which was uncorrected for fatness level but independent of peripheral fatness. They 
observed that the principal component of subcutaneous centralised fat does a little better in 
relating to other risk factors than skinfold ratios. They found that the canonical correlations 
showed the circumferences and skinfolds were equally correlated to risk factor levels independently of age and sex. Weights from the analyses suggested that measurements at or 
above the waist and on the lower limb (thigh) were most heavily loaded toward risk (waist 
= highest risk; thigh = lowest risk). The simplest and most reliable index of body fat distribution for both sexes was the ratio of waist to thigh circumference. The more 
commonly used waist/ hip ratio proved more valid in women, but not in men. 
In recent years, computed tomography ( CT) has been utilised by various investigators (Borkan et al., 1982, 1983; Dixon, 1983, Grauer et al., 1984; Ashwell et al., 1985; Seidell et al., 1987a) to study body fat distribution. Ashwell et al. (1985) found that 
waist/hip ratio, as opposed to the waist/thigh ratio, to be better correlated with the ratio of internal to external (subcutaneous) fat from computed tomography at the waist level. They 
also showed that circumference ratios were related more strongly to intraabdorninal fat 
than to subcutaneous fat in a study of the CT scans of 28 women. Seidell et al. (1987a) 
observed that areas of intraabdominal and subcutaneous abdominal fat could be accurately predicted. They also found that the area of intraabdominal fat on the CT scan ( at the level 
of L4 vertebra) was related to the waist:hip circumferenc~ ratio and to the waist:thigh 
circumference ratio. The correlations of the circumference ratios with the areas of 
subcutaneous fat were invariably lower. They were of the opinion that the ability to distinguish between intraabdominal fat may be important in epidemiologic and clinical 
research. 
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TABLE 2.1 : PREVALENCE OF IMPAIRED GLUCOSE TOLERANCE (IGT) IN INDIANS IN INDIA. 
Reference Place Population Diagnostic Age Prevalence Studied Criteria (years) (%) 
Murthy Tenali Urban WHO > 15 3.3 
et al. (1965) (1984) 
Patel Bhadran Rural WHO > 10 0.33 (1986) 
Iyer Bardoli Hospital OGTT All 0.37 
et al. admissions > 7.8 (1987) mmol/1 
Ramachan- Kudremukh Clinic WHO > 20 2.3 (M) dran registered (1985) 2.0 (F) et al. 2.0 ( 0) (1988) 
M Males 
F Females 
0 Overall. 
TABLE 2.2: PREVALENCE OF IMPAIRED GLUCOSE TOLERANCE IN MIGRANT ASIAN MALES (COMPARED WITH OTHER LOCAL ETHNIC POPULATIONS WHERE DATA ARE AVAILABLE). 
Reference Place Population Age Prevalence (%) Studied (years) 
----------------Indians Others 
Zimmet Fiji > 20 Melan-et al . . 
esians (1983) Rural 10.2 5.7 
Urban 8.3 7.3 
Omar South Urban > 15 6.0 
et al. Africa 
(1985)* 
Beckles Trinidad Urban 35 - 69 10.0 Africans et al. 5.8 (1986)** Europeans 
4.3 
Mixed 
7.4 
continued 
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Dowse 
et al. 
(1990) 
Swai 
et al. 
(1990) 
Hughes 
et al. 
(1990) 
Simmons 
et al. 
(1991) 
Ramaiya 
et al. 
(1991a)* 
Ramaiya 
et al. 
(1991b) 
Mauritius 
Tanzania 
Singapore 
Coventry, 
U.K. 
Tanzania 
Tanzania 
Urban 25 - 74 
Urban Muslim > 15 
Indians and 
Rural Africans 
Urban 
Urban 
Urban Hindu 
Communities 
18 - 39 
40 - 69 
18 - 69 
18 - 69 
20 - 79 
> 15 
Urban Hindus > 15 
All prevalence rates shown are age-standardised. 
Hindus 
12.6 
Muslims 
11.1 
Creole 
15.4 
Chinese 
13.6 
Muslims Africans 
18.1 
3.8 
3.8 
7.8 
Malays 
0.0 
1.3 
Chinese 
0.5 
1.1 
9.8 
Europeans 
5.7 
Bhatia 
27.2 
Jain 
8.1 
Limbachia 
10.3 
Lohana 
12.5 
Navnat 
20.7 
Patel 
38.5 
Suthar 
18.7 
Overall 
17.0 
15.2 
All studies used the 1985 WHO criteria with 75 g glucose load unless otherwise indicated. 
* Males and females were studied together but the values given here have been controlled for sex. · 
** 50 g glucose load was used with WHO comparable cut-off 2-h blood glucose values. IGT = 2-h whole venous blood concentration of 6-8.9 mmol/1. 
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TABLE 2.3 . EPIDEMIOLOGICAL STUDIES OF THE PREVALENCE OF DIABETES . . MELLITUS IN INDIA. 
Reference Place Population Blood Age Prevalence Studied Glucose (years) (%) 
/Urine 
sugar 
Chakravarthy Calcutta Hospital Urine All 1. 0 (1938) records Sugar (r & u) 
Patel and Bombay Hospital Not Adults 0.7 Dhirawani records Stated (1959) (r & u) 
Editorial Multi- Hospital Urine All 0.8 (1960) centre records 
(r & u) 
Patel Bombay Exhibition Urine All 1. 5 et al. (r & u) Sugar (1963) 
Ganguli Lucknow Hospital Blood All 2.3 et al. based Glucose (1964) (u) 
Vaishnava Vellore Hospital Blood All 2.5 et al. records Glucose (1964) (r & u) 
K.E.M. Bombay Textile Blood Not 2.1 Hospital workers Glucose Stated Group 
(1966) 
Sainani Bombay Cancer Blood > 20 2.2 et al. centre Glucose (1966) (r & u) 
Berry Chandi- House to Urine All 2.9 et al. garh house Sugar (1966) (u) 
Ahuja Delhi Hospital Not Not 2.3 et al. records Stated Stated (1966) 
Saroj- Delhi Risk groups Blood All 26 . 4 kumari and (u) Glucose Padmavathi 
(1966) 
Shankar Hubli Hospital Not All 2.2 (1966) records Stated 
continued 
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Rao Hyderabad Exhibition Urine > 20 4 . 1 
et al. (r & u) Sugar (1966) 
Misra Jabalpur Hospital Urine All 1. 7 
et al. based Sugar (1966) (r & u) 
Viswanathan Madras Diabetes Urine All 5.6 
et al. camps Sugar (1966) (u) 
Datta Pondich- House to Blood > 5 0.7 
et al. cherry house Glucose (1966) ( u) 
Pai Trivan- Hospital Not All 8.7 
et al. drum records Stated (1966) (r & u) 
Gour Varanasi House to Urine > 10 2 . 7 
et al. house Sugar (1966) (u) 
Tripathy Cuttack House to Blood > 10 1. 2 et al. house Glucose (1971) (r & u) 
Vigg Hyderabad House to Blood > 10 2.5 
et al. house Glucose (1972) (r) 
Rao Hyderabad House to Urine > 20 2.4 et al. house Sugar (1972) (r) 
Ahuja New Delhi House to Blood > 15 2.3 
et al. house Glucose (1974) (r & u) 
Parameswara Bangalore House to Blood > 5 2.3 (1973) house Glucose 
(u) 
Mukherjee Calcutta Hospital Blood > 10 12.7 et al. based Glucose (1973) ( u) 
Datta Lucknow Army Blood All 1.1 et al. personnel Glucose (1973) ( u) 
Verma and New Delhi Army Blood > 20 2.7 Boparai personnel Glucose (1974) (u) 
continued 
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Chhetri Calcutta Mobile Blood > 15 2.3 
et al. clinic Glucose (1975) (r & u) 
Gupta Multi- House to Blood > 15 3.0 
et al. centre house Glucose (1978) ( u) 
Gupta Multi- House to Blood > 15 1. 3 
et al. centre house Glucose (1978) (r) 
Johnson Madurai House to Blood > 4 0.5 
et al. house Glucose (1979) ( u) 
Govindaraj Pondi- House to Urine > 15 1. 8 
et al. cherry house Sugar (1984) (r) 
Murthy Tenali House to Blood > 15 4.7 
et al. house Glucose (1984) (u) 
Patel Bhadran House to Blood > 10 3.8 (1986) house Glucose 
(r) 
Iyer Bardoli Hospital Blood All 4.4 
et al. admissions Glucose (1987) (r & u) 
Ramachandran Kudremukh Clinic Blood > 20 5.0 
et al. based Glucose (1988) (u) 
Tiwari and Rewa House to Blood Not 1. 9 Bisaraya house Glucose Stated (1988) (u) 
Gill Hospital Blood 35 
- 67 
et al. admittees Glucose (1990) Basi and (rural) 2.36 Kharar 
Chandigarh (urban) 9 . 23 Simla (urban) 8.75 
Kodali and Ganga- House to Blood > 30 Alberti vathi house Glucose (1990) Rural 2.2 
Rural-rural migrants 9 . 1 
r rural 
u urban. 
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TABLE 2 . 4 : PREVALENCE OF NIDDM IN MIGRANT ASIAN MALES (COMPARED WITH OTHER LOCAL ETHNIC POPULATIONS WHERE DATA ARE AVAILABLE). 
Reference Country 
Wright 
and 
Taylor 
(1958) 
Trinidad 
Weinstein British (1962) Guiana 
Cassidy 
(1967) 
Poon -
King 
et al. 
(1968) 
Marine 
et al. 
(1969) 
Fiji 
Trinidad 
south 
Africa 
Population 
studied 
Oil 
company 
workers 
House to 
house 
House to 
house 
House to 
house 
House to 
house 
Cheah Singapore House to 
et al. house (1975) 
Cheah and 
Tan (1980) 
Diagnostic 
Criteria 
Age Ethnic Prevalence (yrs) Groups (%) 
If glycos-
urics , then 
OGTT done 
> 14 Indians 
Negroes 
Mixed 
OGTT on all> 14 Indians 
with post- Africans 
meal gluc-
osuria 
OGTT on all> 21 Indians 
with post- Melanesians 
meal glu-
osuria 
100 g OGTT All 
on all gly- Ages 
cosurics 
Indians 
Negroes 
Mixed 
Others 
50 g OGTT 
on all gly-
cosurics 
WHO 1965 
criteria 
> 15 Indians 
Malays 
Africans 
> 15 Indians 
Chinese 
Malays 
2.3 
1 . 4 
0.4* 
2 . 1 
1.6 
2.5 
1. 0 
1.2 
5.3 
8 . 1 
1. 7 
2.7 
Zimmet 
et al. 
(1983) 
Fiji House to WHO 1980 
House criteria 
urban and 
> 20 Indians 12.9 (urban) 
Melanesians 3.5 (urban) 
Omar 
et al . 
(1985) 
Beckles 
et al . 
(1 986) 
rural 
South House to 
Africa house 
Trinidad House to 
house 
Indians 12.1 (rural) 
Melanesians 1.1 (rural) 
WHO 1985 > 15 Indians 11 .1* 
criteria 
WHO 1980 35 - 69 Indians 
criteria Africans 
85 
Europeans 
Mixed 
c ontinued 
19 . 5 
8 . 2 
4 . 3 
8 . 2 
Thai Singapore House to WHO 1985 All Indians 13.4 et al. house criteria Ages Chinese 4.6 (1987) Malays 9.5 
McKeigue East House to WHO 1985 35 - 69 Bangla- 22.0 et al. London, house criteria deshis (1988) U.K. Europeans 10.0 
Simmons Coventry, House to WHO 1985 > 20 Indians 11.2 et al. U.K. house criteria Europeans 2.8 (1989) 
Dowse Mauritius House to WHO 1985 25 - 74 Hindu 14.0 et al. house criteria Indians (1990) Muslim 12.7 
Indians 
Creoles 7.7 
Chinese 13.5 
Swai Tanzania House to WHO 1985 > 15 Muslim 7.0 et al. house criteria Indians (1990) 
Hughes Singapore House to WHO 1985 18 - 39 Chinese 0.7 et al. house criteria Malays 0.7 (1990) Indians 0.0 
40 - 69 Chinese 10.0 
Malays 23.1 
Indians 35.8 
Ramaiya Tanzania Hindu WHO 1985 > 15 Bhatia 14.3 et al. subcomm- criteria Jain 7.2 (199la)** unities Limbachia 3.4 
Lohana 8.7 
Navnat 18.0 
Patel 13.5 
Suthar 5.7 
Overall 9.8 
McKeigue London, Industrial WHO 1985 40 - 69 Whites 5.0 et al. U.K. workers criteria Sikhs 20.0 (1991) and GP's Punjabi 19.0 lists Hindus 
Gujarati 22.0 
Hindus 
Muslims 19.0 
Knight Bradford, Manual WHO 1985 20 - 65 Asians 10.9 et al. U.K. workers criteia Non-Asians 4.4 (1993) 
** Both sexes were studied together but the figures given here have been controlled for sex. 
* Overall (both males and females) rates are given. 
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TABLE 2.5 : SURVEYS OF KNOWN DIABETES IN ASIANS USING QUESTIONNAIRES. 
Reference Place of Study Population Age Prevalence Screened (years) (%) 
IN INDIA 
Varma Darya Ganj, House to All Ages 3.1 (c) et al. New Delhi. house < 30 o.o (1986) Urban > 40 9.1 
40 
- 64 8.6 
Verma New Delhi Hotel All Ages 1.8 (c) et al. employees < 30 0.0 (1987) Urban > 40 4.5 
Rao Eluru, House to All Ages 
et al. South India. house 1.5 (u) (1989) 1 Town ( u) 1.9 (r) 4 Villages ( r) Overall 1. 6 (c) 
> 40 6.1 
IN MIGRANT ASIANS 
Mather 
and Keen 
(1985) 
Samanta 
et al. 
(1988)* 
Southall, 
London . 
Leicester, 
U.K. 
House to 
house 
Urban 
Clinical 
Records 
All Ages 2.2 (c) 
< 30 0.1 
> 40 9.0 
Overall 4.6 (age-adjusted) 
All Ages 2.4 (c) 
< 30 0.1 
> 45 16 .0 
* No questionnaire was used. Study was based on clinical records. u urban r rural c crude. 
TABLE 2.6: KNOWN VS. UNKNOWN DIABETICS IN ASIANS. 
Reference 
Gupta 
et al. 
(1978) 
Patel 
(1986) 
Ramachan-
dran et al. 
(1988) 
Place Age 
(years) 
Multi- > 15 
centre 
Study, India. 
Urban 
Rural 
Bhadran, 
India. 
rural 
> 10 
Kudremukh, > 20 
South 
India (urban). 
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Prevalence(%) Ratio 
New:Known 
New 
1. 4 
1.2 
1. 7 
5.0 
Known 
1.6 
0.1 
2.1 
0.9 
12 
0.8 
1.9 2.6 
continued 
Jackson South Africa 
(1978) Natal > 10 4.2 1.8 2.3 (urban) 
Cape Town > 15 6.6 4.3 1. 5 (urban) 
Swai Muslim 
et al. Indians > 15 3.5 5.2 0.7 (1990) (urban) 
Hindu 
Indians > 15 3.2 3.2 1. 0 (urban) 
Simmons Coventry, 20 - 80 
et al. U.K. Males 2.7 5.8 0.5 (1989) Urban Females 1.6 4.0 0 . 4 
TABLE 2.7: STANDARDISED SMOKING RATIOS (SSR)* FOR MEN BY COUNTRY 
OF BIRTH FROM GENERAL HOUSEHOLD SURVEY 1978 AND 1980. 
Country of Birth SSR (95 % C.I.) 
England 100 (97 - 103) Scotland 121 (111 - 131) Wales 102 (89 - 115) Ireland (all) 123 (101 - 145) Indian subcontinent 38 (25 - 51) West Indies 46 (26 - 66) Rest of World 99 (83 - 115) 
* Standardised for age and socio-economic group with Great 
Britain as the standard for heavy smoking(~ 20 per day). (Great Britain= 100). 
C.I. Confidence Interval. 
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TABLE 2.8: PREVALENCE OF CIGARETTE SMOKING IN ASIAN MALES. 
Reference 
Silman 
et al. 
McKeigue 
et al. 
Miller 
et al. 
Mukherjee 
et al. 
Majumdar 
et al. 
Hughes 
et al. 
McKeigue 
et al. 
Ramaiya 
et al. 
Knight 
et al. 
Shaukat 
et al.* 
Year 
1985 
1988 
1988 
1988 
1990 
1990 
Place 
England 
(London) 
England 
(London) 
England 
(London) 
India 
(West 
Bengal) 
India 
(West 
Bengal) 
Singapore 
1991 England 
1991a Tanzania 
(Dar-es-
Salaam) 
1993 England 
(Bradford) 
1993 England 
(Leicester) 
Age 
Range 
35 - 69 
35 - 69 
45 - 54 
2::: 20 
> 15 
18 - 69 
Population Percentage 
Sampled Smokers 
Bangladeshis 75.9 
Bangladeshis 82 . 0 
Urban 21.0 
Residents 
Rural 86.0 
Fishing 
Community 
Rural 72.9 
Agricultural 
Population 
General 44.5 
Screening 
40 - 69 GP attenders 
Sikhs 4.0 
21. 0 
33.0 
30.0 
Punjabi Hindus 
Gujarati Hindus 
Muslims 
2::: 15 Bhatia 
20 - 65 
Not 
Stated 
Jain 
Limbachia 
Lohana 
Navnat 
Patel 
Suthar 
overall 
Factory 
Workers 
Normal 
Single Vessel 
Disease 
Multiple Vessel 
Disease 
All Combined 
24.3 
21.0 
32.6 
32.3 
37.7 
6 . 2 
10.0 
25 . 1 
24 .1 
50.0 
56.7 
53.3 
53.3 
* Both sexes were studied together but the figures given here 
have been controlled for sex. 
89 
TABLE 2.9: STANDARDISED DRINKING RATIOS (SDR) * FOR MEN BY COUNTRY OF BIRTH FROM GENERAL HOUSEHOLD SURVEY 1978 AND 1980 . 
country of Birth SDR (95 ~ 0 C. I . ) 
England 103 (99 - 107) Scotland 1-03 (92 - 114) Wales 113 (96 - 130) Ireland (all) 131 (102 - 160) Indian Subcontinent 45 (27 - 63) 
west Indies 52 (26 - 78) Rest of World 74 (57 - 91) 
* Standardised for age and socio-economic group with Great Britain as standard for heavy drinking(~ 36 units of 
alcohol per week). (Great Britain= 100). C. I. Confidence Interval. 
TABLE 2.10 : PREVALENCE OF ALCOHOL CONSUMPTION IN ASIAN MALES OVERSEAS. 
Reference Year Place Age Population Percentage 
Range Sampled Prevalence 
Miller 1988 England 45 - 45 Urban 42 . 0 
et al . (London) Residents 
Hughes 1900 Singapore 18 - 69 General 3.7 
et al . Screening 
Ramaiya 1991a Tanzania ~ 15 Bhatia 19.8 
et al . (Dar-es Jain 27 . 8 
-Salaam) Limbachia 30 . 6 
Lohana 28 . 7 
Navnat 49.2 
Patel 6 . 2 
Suthar 13.3 
overall 26 . 3 
Kn igh t 1993 England 20 - 65 Factory 37 . 5 
et al . (Bradford) Workers 
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TABLE 2.11: PREVALENCE OF ALCOHOL CONSUMPTION IN INDIAN MALES. 
Reference 
Mukherjee 
et al . 
Majumdar 
et al. 
Gill et al. 
Year Place 
1988 West 
Bengal 
1990 West 
Bengal 
1990 Punjab 
Age 
Range 
~ 20 
> 15 
Population 
Sampled 
Rural 
Fishing 
Community 
Rural 
Agricultural 
Population 
Percentage 
Prevalence 
4.6 
7.3 
35 - 84 Urban Controls 23.8 
Urban Diabetics 88.0 
Rural Controls 61.9 
Rural Diabetics 66.7 
Highland Diabetics 81.8 
TABLE 2.12: SURVEYS OF SYSTOLIC AND DIASTOLIC BLOOD PRESSURE AND 
PREVALENCE OF HYPERTENSION IN ASIAN MALES OVERSEAS. 
Reference 
McKeigue 
et al. 
Miller 
et al. 
Allawi 
et al. 
Hughes 
et al. 
Hughes 
et al. 
McKeigue 
et al. 
Year Place 
1988 England 
(London) 
1988 England 
(London) 
1988 England 
1989 England 
(Harrow) 
Population Mean 
Studied SBP 
Bangladeshis 119 
Urban 141.5 
Residents 
Diabetics 136.l 
Normal 129.4 
Patients 126.4 
Mean Prevalence 
DBP (%) 
78 Not stated 
88.4 Not stated 
83.0 36 
80.3 Not stated 
79 . 7 
1990 Singapore General 
Screening 
121.5 75.5 12.1 
1991 England 
(London) 
Sikhs 
Punjabi 
Hindus 
Gujarati 
Hindus 
Muslims 
Overall 
91 
128 
126 
122 
120 
126 82 
Not Stated 
continued 
I 
Ramaiya 
* et al. 
Shaukat 
* et al. 
Knight 
et al. 
1991a Tanzania 
(Dar-es-
Salaam) 
1993 England 
(Leicester) 
Bhatia 
Jain 
Limbachia 
Lohana 
Navnat 
Patel 
Suthar 
Overall 
Normal 
Single vessel 
dise ase 
Multiple ves. 
disease 
Overall 
1993 England Factory 
(Bradford) Workers 
127 
118 
110 
122 
114 
126 
126 
121 
131.6 
135.9 
139.7 
80 
74 
70 
77 
74 
80 
79 
77 
79.4 
76.7 
85.5 
135.7 80.5 
133.0 80.8 
19.4 
13.0 
5.7 
15.4 
12.2 
12.7 
15.7 
14.5 
Not Stated 
26.6 
* Both sexes were studied together but the figures given here 
have been controlled for sex. 
SBP Systolic Blood Pressure. 
DBP Diastolic Blood Pressure. 
TABLE 2.13 : MEAN SYSTOLIC AND DIASTOLIC BLOOD PRESSURE AND THE 
PREVALENCE OF HYPERTENSION IN MALES IN INDIA. 
Reference Place Age Population Mean Mean Prevalence 
Range studied SBP DBP (%) 
Padmawati India Not Rural and Not Not 1. 7 
(1959) (Delhi) Stated Industrial Stated Stated 
Workers 
Gupta India 20 - 69 Rural Not Not 3.6 
et al. (Rohtak) Stated Stated 
(1977) 
Khurana India Not Industrial Not Not 2.6 
et al. (Ludhiana) Stated Workers stated Stated 
(1981) Executives 14.1 
Gupta and India 35 - 44 Urban and Not Not 5 
Siwach (Haryana) 45 - 54 Rural Stated Stated 8 
(1984) 
Sharma India 40 - 45 Industrial 129 84 6 
(1985) (Ludhiana) 50 - 59 Workers 136 91 7 
Dash India 41 - 50 Rural 124 82 5 
(1986) (Sundegarh) 51 - 60 130 84 9 
continued 
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Gill India 35 - 84 Urban 132 81. 7 4 . 7 et al. (Punjab) Controls (1990) Urban 138.5 85 . 1 32 . 0 
Diabetics 
Rural 130.2 79.7 4.7 
controls 
Rural 148.3 94.4 38.1 
Diabetics 
Highland 147.4 87.4 45.5 
Diabetics 
Majumdar India > 15 Rural 106.2 61. 6 1.42* 
et al. (West Agricultural (1990) Bengal) Population 
Ma jumdar India ~ 12 Urban 125.3 82.3 17.o* 
et al. (Calcutta) Marwaris (1994) 
Agarwal India All Rural Not Not 1. 81 et al. (Aligarh) Stated stated (1994) 
SBP Systolic Blood Pressure 
DBP Diastolic Blood Pressure 
* Overall prevale nce (ma les and females) rates are given. 
TABLE 2.14 : SURVEYS OF BMI IN MIGRANT ASIAN MALES. 
Reference Year Place Age Population Mean 
Range Sampled BMI 
Zimmet 1983 Fiji ~ 20 Rural 21.5 et al. Urban 22.8 
Miller 1988 England 45 - 54 Urban 25.0 et al. (London) 
McKeigue 1988 England 35 - 69 Bangladeshis 23.9 et al. (London) 
Allawi 1988 England 28 - 65 Diabetics 27.4 et al.* 
. (London) 
Cruickshank 1989 England Not Gujaratis 25.2 Stated 
Hughes 1989 England 25 - 69 Controls 23.7 et al. (Harrow) Diabetics 24 . 5 
Hughes 1990 Singapore 18 - 69 General 22 . 5 et al. Screening 
continued 
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Dowse 
et al. 
McKeigue 
et al. 
Ramaiya 
* et al . 
Ramaiya 
et al. 
Simmons 
et al. 
Shaukat 
* et al. 
Knight 
et al. 
1991 Mauritius 
1991 England 
(London) 
1991a Tanzania 
(Dar-es 
Salaam) 
1991b Tanzania 
(Dar-es 
Salaam) 
1992 England 
(Coventry) 
1993 England 
(Leicester) 
1993 England 
25 - 74 Hindus 
Muslims 
40 - 69 GP attenders 
and Industrial 
Workers 
2:: 15 
2:: 15 
2:: 20 
Not 
Stated 
Bhatia 
Jain 
Limbachia 
Lohana 
Navnat 
Patel 
Suthar 
Overall 
Sedentary/Light 
Moderate/Heavy 
Punjabi Sikhs 
Pakistani Muslims 
Gujarati Hindus 
Punjabi Hindus 
Gujarati Muslims 
Normal 
Single vessel dis. 
Multiple vessel dis 
All Combined 
20 - 65 Factory Workers 
22.6 
23.1 
25.7 
25.2 
23. 1 
22.2 
25.4 
24.0 
24.9 
24.3 
24.3 
24.0 
22.9 
26.0 
25.1 
24.5 
24.4 
24.5 
26.3 
25.2 
26.3 
25.4 
24.5 
* Both sexes were studied together but the figures given here have been controlled for sex . 
TABLE 2.15 : SURVEYS OF BMI IN INDIAN MALES. 
Reference Year Place Age Population Mean BMI 
Range Studied 
Gill 1990 India 35 - 84 Urban Controls 25.3 
et al. (Punjab) Urban Diabetics 23.9 
Rural Controls 20 .7 
Rural ' Diabetics 24.6 
Highland Diabetics 23.6 
Shelgikar 1991 India 18 - 65 Non - Diabetics 23.3 
et al. (Pune) IGT 25.9 
Diabetics 23.9 
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TABLE 2.16: STUDIES OF BODY FAT DISTRIBUTION IN ASIAN MALES. 
Reference 
Zimmet 
et al. 
Miller 
et al. 
Hughes 
et al. 
McKeigue 
et al. 
Dowse 
et al. 
Shelgikar 
et al. 
Year 
1983 
1988 
1989 
1991 
1991 
1991 
Population 
Studied 
Urban 
Rural 
Urban Residents 
Normal 
Patients 
Sikhs 
Punjabi Hindus 
Gujerati Hindus 
Muslims 
Overall 
Hindu 
Muslim 
Non - Diabetic 
IGT 
Diabetic 
Mean W:H 
Ratio 
Mean Skinfold(s) 
(mm) 
Not Studied Triceps= 
Triceps= 
13.0 
9.6 
Not Studied Sum of Biceps+ 
Triceps+ Subs -
capular + Supr -
ailiac= 53.0 
0.94 Not Studied 
0.95 
0.979 
0.981 
0.972 
0.977 
0 .98 
0.892 
0.885 
0.88 
0.93 
0.92 
Triceps= 10 
Subscapular= 22 
Suprailiac= 24 
Anterior 
Thigh= 12 
Suprapatellar= 8 
Not Studied 
Subscapular= 24 
Triceps= 13 
Subscapular= 34 
Triceps= 14 
Subscapular= 26 
Triceps= 12 
TABLE 2.17: SURVEYS OF SERUM CHOLESTEROL OF MALES IN INDIA AND PAKISTAN. 
Reference 
Gopalan and 
Ramanathan 
(1956) 
Place 
Tamil Nadu 
(Coonoor) 
Mathur et al. Uttar Pradesh (1959) (Agra) 
Population 
studied 
High socioecon. 
Low socioecon. 
Higher socioecon. 
Middle income 
Lower income 
95 
Age 
Range 
40 - 49 
31 - 61 
Mean Serum 
Colesterol 
(mmol/1) 
4.4 
3.3 
5.3 
4.8 
4.5 
continued 
Padmavati 
et al. 
(1959) 
Srivastava 
and Sinha 
(1966) 
Tyagi 
(1971) 
Ban 
(1972) 
Raman et al. 
(1976) 
Werner and 
Sareen 
(1978) 
Rao and 
Sastry 
(1980) 
Gandhi 
(1982) 
Knuiman 
et al. 
(1982) 
Shanmugasun-
daram et al. 
(1983) 
Ramachandran 
et al. 
1988)** 
Delhi 
Bihar 
(Patna) 
Uttar Pradesh 
(Aligarh) 
Bihar 
(Ranchi) 
Rajasthan 
(Bikaner) 
Punjab 
(Jullundur) 
High income group 30 - 59 
Industrial workers 
Rural workers 
Economically 'Adults ' 
Privileged 
Voluntary bl.donors > 55 
Paid blood donors 
Indust. Employees: 
Upper social class > 35 
Lower social class 
Academics 36 - 51 
Low income 
outpatients: 
Higher social class > 30 
Middle/lower 
social class 
Andhra Pradesh Middle and low 31 - 60 (Kakinada) income groups 
Delhi 
Pakistan 
(Peshawar) 
Tamil Nadu 
Karnataka 
(Kudremukh) 
Middle to 
Moderate income 
Manual workers 
Not Stated 
Urban workers: 
Normal 
IGT 
Diabetic 
31 - 50 
33 - 48 
30 - 39 
> 20 
* Estimation on plasma or whole blood. 
6.2 
4.5 
4 . 8 
4.9 
4.7 
4.0 
5.9 
4.5 
5.7 
4.4 
4.6 
4.5* 
4.8 
5.7 
4 . 1 
4 . 6 
4 . 8 
** Both sexes were studied together but the figures given here 
have been controlled for sex . 
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I l TABLE 2.18 : SURVEYS OF SERUM CHOLESTEROL IN ASIAN MALES 11 OVERSEAS. 
Reference Place Population Age Mean Serum I 
Studied Range Cholesterol 
(mmol/1) 
I Shaper and Uganda GP attenders > 40 6.6 [I Jones 
(1959) 
Ashcroft Guyana Lower socio - 35 - 54 5.0 
et al. (Annandale) economic (1970) 
Knuiman Surinam Lower socio - 33 - 48 5.3 
et al. (Nickerie) economic (1982) 
Miller Trinidad Middle and lower 35 - 69 5.9 
et al. (Port of socio-economic (1984) Spain) 
McKeigue England Urban Residents 25 - 65 5.0* 
et al. (London) 
(1985) 
Saha Singapore Pre-employment 18 - 56 4.8 (1987) Screening 
McKeigue England Urban residents: 35 - 69 5.5* 
et al. (London) Bangladeshis (1988) 
Miller England Urban residents 45 - 54 5.4 
et al. (London) 
(1988) 
Sicree Fiji Urban and rural 30 - 69 4.8* 
et al. residents (1988) 
Hughes England Control 25 - 69 5.5 
et al. (Harrow) Patients 5.8 (1989) 
Hughes Singapore General screening 18 - 69 5.8 
et al. 
(1990) 
McKeigue England Sikhs 6.1 
et al. (London) Punjabi Hindus 40 - 69 5.9 (1991)* Gujarati Hindus 5.4 
Muslims 6.0 
Overall 6.0 
continued 
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1,I 
Ramaiya Tanzania Bhatia 4.8 
et al . (Dar-es- Jain 4 . 5 (199la) ** Salaam) Limbachia 4.6 
Lohana >15 4 . 9 
Navnat 5.0 
Patel 4.8 
Suthar 6 . 2 
Overall 4 . 9 
Shaukat England Normal Not 5.5* 
et al. (Leicester) Single vessel dis . Stated 5 . 9* (1993)** Mutiple vessel dis. 6.7* 
All combined 6 . 1* 
Knight England Factory workers 20 - 65 5 . 3* 
et al . (Bradford) 
(1993) 
* Estimations on plasma or whole blood . 
** Both sexes were studied together but the figures given here 
have been controlled for sex . 
I 
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TABLE 2.19 : AN AETIOLOGICAL CLASSIFICATION OF THE OBESITIES. 
NEUROENDOCRINE OBESITIES 
Hypothalamic syndrome 
Cushing's syndrome 
Hypothyroidism 
Polycystic ovary (Stein-Leventhal) syndrome 
Pseudohypoparathyroidism 
Hypogonadism 
Growth hormone deficiency 
Insulinoma and hyperinsulinism 
IATROGENIC OBESITIES 
Drugs (psychotropic; corticosteroids) 
Hypothalamic surgery (neuroendocrine) 
OBESITIES DUE TO NUTRITIONAL IMBALANCE 
High-fat, particularly saturated fat , diet 
Cafeteria diets 
OBESITIES DUE TO PHYSICAL INACTIVITY 
Enforced (postoperative) 
Ageing 
GENETIC (DYSMORPHIC) OBESITIES 
Autosomal 
X-linked 
Chromosomal 
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TABLE 2.20 : PREVALENCE OF OBESITY (BMI ~ 30) IN MALES: J', 
INTERNATIONAL COMPARISONS. 
Country Age Prevalence Reference (yrs) ( % ) 
Finland 20 - 29 3.0 Rissanen 
30 - 39 7.3 et al. 
40 - 49 9.8 (1988) 
50 - 59 12.2 
60 - 69 14.0 
70 + 13.3 
20 + 10.0 
Netherlands 20 - 34 1. 9 Gurney and 
35 - 49 4.2 Gorstein 
50 - 64 5.4 (1988) 
United 20 - 24 3.0 Millar and 
Kingdom 25 - 34 6.0 Stephens 
35 - 44 8.0 (1987) 
45 - 54 8.0 
55 - 64 9.0 
20 - 64 8.0 
Italy 15 - 44 4.8 Gurney and 
45 - 64 9.9 Gorstein 
(1988) 
U.S.A. 20 - 24 7.0 Millar and 
25 - 34 10.0 Stephens 
35 - 44 12.0 (1987) 
45 - 54 16.0 
55 - 64 14.0 
20 - 64 12.0 
Canada 25 - 34 6.0 Millar and 
35 - 44 11.0 Stephens 
45 - 54 12.0 (1987) 
55 - 64 14.0 
25 - 64 9.0 
Australia 25 - 34 4.0 Gurney and 
35 - 44 6.2 Gorstein 
45 - 54 10.2 (1988) 
55 - 64 9.6 
25 
- 64 7.0 Bray 
(1985, 1987) 
continued 
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South Africa 15 24 3.6 Jooste 
25 - 34 13.2 et al. 
35 - 44 14.3 (1988) 
45 - 54 20.9 
55 - 64 19.8 
15 - 64 14.7 
Costa Rica 40 - 45 5.7 Gurney and 
El Salvador 40 - 45 0.0 Gorstein 
Guatemala 40 - 45 0.0 (1988) 
Honduras 40 - 45 2.8 
Nicaragua 40 - 45 3.1 
Panama 40 - 45 2.3 
TABLE 2.21: DETERMINANTS OF AND RISK FACTORS FOR OBESITY. 
SOCIO-DEMOGRAPHIC FACTORS 
Age 
Sex 
Race 
Socio-economic circumstances 
Geography: country of residence, urbanisation, 
industrialisation, migration. 
FAMILIAL FACTORS 
Heredity: polygenes; single gene(s) with major effect 
Shared environments (cultural inheritance) 
Interaction between genetic susceptibility and environmental 
exposure. 
PERSONAL FACTORS 
Past or current overweight 
Age at onset of obesity 
Eating habits 
Physical inactivity/sedentary lifestyle 
Metabolic characteristics 
Cigarette smoking 
Psychological factors 
Pregnancy 
Concurrent illness or disability 
1 01 
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FIGURE 2.1: COMMON VARIANCE AMONG THREE BODY TYPE PHENOTYPES. 
T 
PERCENT 
FAT 
... 
50 % 
T T 
TRUNCAL -
ABDOMINAL FAT 
30 - 50 % 
50 % 
T 
VISCERAL 
FAT 
Fat mass estimated from underwater weighing; truncal-abdominal fat assessed from skinfolds or computed tomographic (CT) scans; 
abdominal visceral fat estimated by CT scan at the L4/L5 
vertebrae. 
FIGURE 2.2: THE MAJOR AFFECTORS OF BODY FAT. 
BODY FAT 
... 
____ ._ HUMAN ORGANISM: THE ___ ._ ENERGY ENERGY 
INTAKES BIOLOGICAL AND ~--- EXPEND-
ITURES BEHAVIOURAL INTERFACE 
... 
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TABLE 2.22 : FREQUENCY OF COBESITY IN PARENTS OF OBESE CHILDREN. 
study No. of One or both Mother Father Both Pare-Obese Parents Obese Obese nts Obese Subjects Obese ( % ) ( % ) (%) ( % ) 
Dunlop 523 69 39 12 18 Ellis 50 44 26 12 6 Gurney 61 83 43 15 25 Rony 250 69 
Bauer 275 73 
Mossberg 270 80 36 12 32 Angel 116 78 36 15 25 Inverson 40 77 25 20 32 Withers 100 84 28 13 43 Craddock 78 63 
Bray 239 69 33 11 25 
TABLE 2.23: TOTAL TRANSMISSIBLE VARIANCE ACROSS GENERATIONS AND ITS HERITABLE COMPONENT FOR TWO INDICATORS OF 
ABDOMINAL FAT WITHOUT AND WITH ADJUSTMENT FOR 
TOTAL SUBCUTANEOUS FAT. 
Variable Total 
Transmi-
ssible 
Variance 
Abdominal 0.28 
skinfold 
Abdominal+ 0.36 
Suprailiac 
skinfolds 
Biologic 
Inheritance 
0.01 
0.10 
Scores adjusted for sum of skinfolds 
Abdominal 
skinfold 
Abdominal 
skinfold + 
Supra iliac 
skinfold 
0.33 
0.58 
0.20 
0.25 
Cultural 
Inheritance 
0.27 
0.26 
0.13 
0.32 
Nontransm-
issible 
Variance 
0.72 
0.64 
0.67 
0.42 
The scores had been first adjusted for age and gender and then further adjusted for the sum of six skinfold measurements 
representing total subcutaneous fat. Correlations in nine types 
of relatives by descent or by adoption had been analysed using the BETA path analysis program. 
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TABLE 2.24: CORRELATIO~ IN VARIOUS RELATIVES FOR THE RESTING 
METABOLIC RATE (RMR) AND THERMIC EFFECT OF A 
1000 KCAL CARBOHYDRATE MEAL (TEM). 
Variable 
RMR 
(kJ/kg FFM) 
TEM (% of 
intake) 
Parent-Child 
(31 pairs) 
0.21 
0.30 
DZ Twins 
(21 pairs) 
0.30 
0.35 
MZ Twins 
(37 pairs) 
0.77 
0.52 
Interclass correlation for parent-child pairs; intraclass 
coefficient for the twin samples. When the RMR data were adjusted 
by regression for the effects of fat-free mass, the correlation 
were not significantly altered. 
FIGURE 2.3 : THE INTERACTIONS OF STEROID HORMONES TO DIRECT 
EXCESS FAT FOR STORAGE IN DIFFERENT ADIPOSE 
TISSUE REGIONS. 
ACTH FSH/LH 
T 
CORTISOL 
T PERIPHERAL 
~~~~~~~~~~~~~PROGESTERONE.~~~~-~ AT 
~ TESTOSTERONE 
T 
VISCERAL 
AT 
T 
Visceral AT , visceral adipose tissue; Peripheral AT, peripheral 
adipose tissue; FSH, follicle-stimulating hormone; LH, 
luteinizing hormone. 
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FIGURE 2.4: INTERACTIONS BETWEEN STEROID HORMONES AND PORTAL FFA 
ON INSULIN rHOMEOSTASIS. 
CORTISOL,--- ~--,, 
~!STOSTERONE 
• • • 
PORTAL INSULIN~-~- ------ -INSULIN 
FFA RESISTANCE SECRETION 
(FFA, free fatty acids). 
FIGURE 2.5: HYPOTHETICAL SCHEME OF THE ROLE OF PRIMARY AND 
SECONDARY RISK FACTORS IN THE PATHOGENESIS OF 
DIABETES. 
PATHOGENETIC FACTORS 
INDUCERS 
(PRIMARY RISK FACTORS) 
POSITIVE ENERGY BALANCE --~ OBESITY-- ~ 
STRESS 
• 
AROUSAL 
SMOKING--~ ENDOCRINE--~ 
ABERRATION 
ALCOHOL-~~~--' 
SATURATED FAT 
SALT 
--~ 
--~ 
- -~ 
--~ 
PORTAL --~ 
ADIPOSE--~ 
TISSUE --~ 
--~ 
--~ 
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EARLY SYMPTOMS 
DISEASE TRIGGERS 
(SECONDARY RISK 
FACTORS) 
BLOOD PRESSURE --~ D 
INSULIN ~ I 
GLUCOSE ~ A 
VLDL - ----- -~ B 
HDL (neg) ~ E 
T 
E 
s 
D 
BLOOD PRESSURE--~ I 
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FIGURE 2.6 : THE HOMEOSTATIC LOOP THAT LINKS PLASMA GLUCOSE AND 
PLASMA INSULIN. 
GLUCOSE INSULIN 
+ 
Insulin causes a decrease in plasma glucose; glucose is a 
secretagogue for insulin . 
FIGURE 2.7: THE POSTULATE OF GLUCOSE TOXICITY: HYPERGLYCAEMIA 
IMPAIRS INSULIN SECRETION AND DETERIORATES 
INSULIN SENSITIVITY. 
T 
BETA CELL 
FUNCTION 
HYPERGLYCAEMIA 
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FIGURE 2.8: HYPERGLYCAEMIA: A CAUSE AS WELL AS A MANIFESTATION 
OF NIDDM. 
T 
Defective 
Insulin Secretion 
DIABETES MELLITUS 
Genetic susceptibility 
plus environmental 
factors 
T 
GLUCOSE TOXICITY 
Insulin 
Resistance 
NIDDM is associated with defective insulin secretion and insulin 
resistance once the disease process is established. The resulting 
elevatioti in plasma glucose exacerbates these defects and, if 
untreated, produces a cycle of worsening hyperglycaemia, insulin 
resistance and defective insulin release. 
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CHAPTER 3 
MATERIALS AND METHODS 
3.1 OUTLINE OF FIELDWORK 
Fieldwork was undertaken for a duration of nine months from October 1992 
until November 1993 in Peterborough, Cambridgeshire. Ethical approval from 
Peterborough Health Authority Ethics Committee was obtained prior to the 
commencement of data collection. The study was conducted at three inner city General 
Practices; 63 Lincoln Road Surgery (Dr. Sayegh and Partners), Church Walk Surgery (Drs. 
Mazumdar and Srinivasan) and 435 Lincoln Road Surgery (Dr. Shoban). Complete lists 
( containing information on name, address and date of birth) of all adult male patients 
registered at these Practices were provided. In the present investigation, three ethnic 
groups i.e., Whites, Indians and Pakistanis were studied. Classification of ethnicity was 
based on the Office of Population Censuses and Surveys (OPCS, 1991) Census H Form. 
Surnames were used as a method of identifying ethnicity as Asians (Indians, Pakistanis and 
Bangladeshis) possess distinct surnames. It is the most convenient and efficient way to 
assess ethnicity in the absence of any specific information on ethnic origin (Balarajan et al., 
1984; Nicoll et al., 1986). 
3.2 INVITATION AND PARTICIPATION OF SUBJECTS 
Letters (Appendix 1) along with a three-page questionnaire (Appendix 2) 
were sent to all adult (persons of more than 19 years of age) Asian males and randomly 
selected adult White males. Reminders (Appendix 3) were sent to all individuals who did 
not respond to the initial letter. Both Asian as well as White subjects were studied in the 
first two Surgeries (6? Lincoln Road and Church Walk Practices) whereas only individuals 
of Asian origin were invited to participate in the study at Dr. Shoban's ( 435 Lincoln Road) 
Practice. A total of 405 subjects were studied, of whom, 4 individuals were excluded from 
data analyses as they could not be classified as either Asian or White. Hence, 401 
individuals (262 Whites, 39 Indians and 100 Pakistanis) were included in the analyses. The 
overall response rate to the present study was approximately 20%. 
The subjects were requested to make an appointment at the Practice. They 
were instructed to come for the check-up after maintaining an overnight ( at least 10 hours 
duration) fast. They were asked to bring the completed, and signed, questionnaire along 
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with them. During the appointment, answers to all the questions (in the questionnaire) 
were checked to remove any discrepancies and errors. Some Asians had difficulty in fully 
understanding the questions. In such cases, the questions were translated verbally into 
Hindi/Urdu and answers recorded accordingly. Investigations were carried out in the 
morning from 8.30 am. until 10.30 am. On average each appointment lasted 20 minutes. 
Firstly, anthropometric measurements were taken, thereafter blood pressure readings were 
obtained and finally blood glucose and cholesterol levels were determined. Individuals who 
came to participate in the study without maintaining an overnight fast were asked to make 
another appointment but their anthropometric measurements were recorded during their 
initial visit. Six individuals failed to make another appointment and were excluded from the 
study. All individuals with raised (abnormal) levels of blood pressure, fasting blood sugar 
and/ or total cholesterol were immediately referred back to their respective General 
Practitioners for follow-up treatment. 
Data on smoking and drinking habits, levels of physical activity undertaken, 
height, weight, blood pressure, fasting blood glucose and fasting blood cholesterol levels of 
all the subjects studied in the investigation were made available to their respective General 
Practitioners. The complete list of variables measured at the time of investigation is given 
in Appendix 4. 
The majority of Pakistanis studied in this investigation originated from the 
Mirpur area of Kashmir in North-Eastern Pakistan. They migrated to the U.K. as a result of 
a large rural population being displaced by a dam built in the 1960s (Ballard, 1988). Some 
of the Indians in the present study were born in East Africa (Kenya, Ta.nzania and Uganda) 
and came to Britain in the 1970s while others migrated to England directly from India in 
the 1970s. Most of the Indians were Gujaratis. Approximately 10% of the Asians (Indians 
as well as Pakistanis) were born in Britain. 
i) 
ii) 
The data thus generated from the study could be classified into the following 
categories: 
Infor~ation on various indicators of lifestyle patterns i.e., smoking and 
drinking habits, levels of physical activity undertaken, diet, etc. 
Information on the individual as well as his family history of diabetes and/ or 
associated diseases, type of treatment, etc. · 
iii) Information on a number of socio-demographic variables including 
age, religion, place of birth and occupation. 
iv) Anthropometric measurements. 
v) Blood pressure and pulse rate values. 
vi) Fasting blood glucose measurements. 
vii) Total blood cholesterol levels. 
109 
3.3 METHODS 
3.3.1 ANTHROPOMETRIC MEASUREMENTS 
All anthropometric measurements were carried out based on the basic 
techniques recommended by Lohman et al. (1988). All anthropometric measurements were 
made with the subject wearing no other clothing except underpants. All measurements 
were made by myself, but measurement error was not determined. 
1) Weight 
Precaution was taken to ensure that the weighing machine was zeroed before 
measurement. The subject was asked to stand erect and relaxed on the weighing machine 
until the reading was observed. Measurements were made to the nearest 0.5 kg. 
2) Height 
The subject was asked to stand in an erect posture with his heels together and 
his back and heels touching the wall. The horizontal arm of the anthropometer 
(Harpenden) was brought down on to the subject's head. The instrument was held vertical 
with the horizontal arm in contact with the subject's head. It was ensured that the subject's 
heels did not leave the ground while the measurement was being taken. Measurements 
were made to the nearest millimetre. The readings were then converted to centimetres. 
3) Circumferences 
All circumferences were measured with the subject wearing nothing but 
underpants. Measurements were made to the nearest 0.1 cm. using a tape measure (Rollfix, 
Hoechst). 
i) Minimum Waist Circumference 
The subject was asked to stand erect with the abdomen relaxed, the arms at 
the sides and feet together. The measurer faced the subject and placed the tape measure 
around the subject, in a horizontal plane, at the level of the natural waist, which is the 
narrowest part of the torso, as seen from the anterior aspect. Minimum waist circumference 
was measured at the smallest circumference of the torso, which is the level of the natural 
waist (Garret and Kennedy, 1971). 
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ii) Maximum Hip Circumference 
This measurement is also ref erred to as the Buttocks Circumference. The 
subject was asked to stand erect with the arms at the sides and feet together. The 
investigator squatted at the right side of the subject so that the level of maximum extension 
of the buttocks could be seen. A tape measure was placed around the buttocks in a 
horizontal plane at this level without compressing the skin. The zero end of the tape was 
placed below the measurement value and the measurement recorded. This measurement 
was made horizontally at the level of maximum extension of the buttocks posteriorly, as 
recommended by Garrett and Kennedy (1971). 
iii) Chest Circumference 
The subject was asked to stand erect, in a natural manner, with his feet at 
shoulder width. The arms were abducted slightly to permit passage of the tape around the 
chest. When the tape was in place, the arms were lowered to their natural position at the 
sides of the trunk. The investigator stood in front of the subject but slightly to one side. The 
tape housing was held in the right hand while the free end of the tape was passed in the 
front of the subject and retrieved by the measurer's left hand as it passed around the 
subject's back. The free end of the tape was positioned on the right nipple of the subject. It 
was ensured that the tape was at the correct horizontal position, first at the back and then at 
the front. The reverse end of the tape was then placed near the zero end. It was also made 
sure that the tape was in light contact with the skin, without indenting it and the 
measurement recorded. The measurement was made during normal or quite inspiration 
and expiration as recommended by Weiner and Lourie (1981). The nipple was chosen as 
the anatomical landmark as it is easier to locate and more frequently used than any other 
landmark on the anterior aspect of the thorax (Ross and Marfell-Jones, 1982). 
iv) Abdominal Circumference 
The subject was asked to stand with his arms by his sides and the feet 
together. The procedures were the same as those followed for the minimum waist 
circumference, except that the tape was at the level of the umbilicus. The tape was held 
snug against the skin without compressing the tissues and its zero end below the value to be 
recorded. The measurement was made at the end of a normal expiration with the 
investigator facing the subject. 
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ii) Maximum Hip Circumference 
This measurement is also referred to as the Buttocks Circumference. The 
subject was asked to stand erect with the arms at the sides and feet together. The 
investigator squatted at the right side of the subject so that the level of maximum extension 
of the buttocks could be seen. A tape measure was placed around the buttocks in a 
horizontal plane at this level without compressing the skin. The zero end of the tape was 
placed below the measurement value and the measurement recorded. This measurement 
was made horizontally at the level of maximum extension of the buttocks posteriorly, as 
recommended by Garrett and Kennedy (1971). 
iii) Chest Circumference 
The subject was asked to stand erect, in a natural manner, with his feet at 
shoulder width. The arms were abducted slightly to permit passage of the tape around the 
chest. When the tape was in place, the arms were lowered to their natural position at the 
sides of the trunk. The investigator stood in front of the subject but slightly to one side. The 
tape housing was held in the right hand while the free end of the tape was passed in the 
front of the subject and retrieved by the measurer's left hand as it passed around the 
subject's back. The free end of the tape was positioned on the right nipple of the subject. It 
was ensured that the tape was at the correct horizontal position, first at the back and then at 
the front. The reverse end of the tape was then placed near the zero end. It was also made 
sure that the tape was in light contact with the skin, without indenting it and the 
measurement recorded. The measurement was made during normal or quite inspiration 
and expiration as recommended by Weiner and Lourie (1981). The nipple was chosen as 
the anatomical landmark as it is easier to locate and more frequently used than any other 
landmark on the anterior aspect of the thorax (Ross and Marfell-Jones, 1982). 
iv) Abdominal Circumference 
The subject was asked to stand with his arms by his sides and the feet 
together. The procedures were the same as those followed for the minimum waist 
circumference, except that the tape was at the level of the umbilicus. The tape was held 
snug against the skin without compressing the tissues and its zero end below the value to be 
recorded. The measurement was made at the end of a normal expiration with the 
investigator facing the subject. 
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4) Skinfold Thicknesses 
All skinfold thicknesses were measured to the nearest 0.2 mm. using a Holtain skinfold caliper. All measurements were made on the right side. The caliper was held in the right hand while skinfolds were elevated with the left hand. 
i) Subscapular Skinfold 
The subscapular skinfold was picked up on a diagonal, inclined infero-laterally approximately 45 ° to the horizontal plane in the natural cleavage lines of the skin. The site is just inferior to the inferior angle of the scapula. The subject stood comfortably erect, with the upper extremities relaxed at the sides of the body. The site was located by palpating the scapula and fingers run inferiorly and laterally, along its vertebral border until the inferior angle was identified. For some subjects, especially the obese, the subject's arm was gently placed behind the back which aided in identifying the site. The caliper jaws were applied 1 cm. infero-lateral to the thumb and finger raising the fold, and the thickness measured. 
ii) Suprailiac Skinfold 
The suprailiac skinf old was measured in the midaxillary line immediately superior to the iliac crest. The subject stood with feet together and in an erect position. The arms hung by the sides or, when required were abducted slightly to improve access to the site. An oblique skinfold was grasped just posterior to the midaxillary line following the natural cleavage lines of the skin. It is aligned inferomedially at 45 ° to the horizontal. The caliper jaws were applied about 1 cm. from the fingers holding the skinf old and the thickness recorded. 
iii) Triceps Skinfold 
The triceps skinfold was measured in the midline of the posterior aspect of the arm, over the triceps muscle, at a point midway between_ the lateral projection of the acromion process of the scapula and the inferior margin of the olecranon process of the ulna. The level of measurement was determined by measuring the distance between the lateral projection of the acromial process and the inferior border of the olecranon process of the ulna, using a tape measure, with the elbow flexed at 90 ° . The tape was placed with its zero mark on the acromion and stretched along the upper arm, extending below the elbow. The midpoint was marked on the lateral side of the arm. 
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The subject was measured standing. The skinf old was measured with the arm 
hanging loosely and comfortably at the subjects side. The investigator stood behind the 
subject and placed his left palm on the subject's arm proximal to the marked level, with the 
thumb and index finger directed inferiorly. The triceps skinfold was picked up with the left 
thumb and index finger, approximately 1 cm. proximal to the marked level, and the tips of 
the caliper applied to the skinfold at the marked level. The site of measurement was in the 
midline posteriorly when the palm was directed anteriorly. 
iv) Abdominal Skinf old 
The subject was asked to relax his abdominal wall musculature as much as 
possible and breathe normally. In case there was bothersome movement of the abdominal 
wall with normal respiration, the subject was requested to hold his breath near the end of 
expiration. The subject stood erect with body weight evenly distributed on both feet. A 
site 3 cm. lateral to the midpoint of the umbilicus and 1 cm. inferior to it was selected. A 
horizontal skinf old was raised with the left hand and the measurement taken. 
v) Anterior Thigh Skinfold 
The anterior thigh skinf old site was located in the midline of the anterior 
aspect of the thigh, midway between the inguinal crease and the proximal border of the 
patella. The subject was asked to flex the hip to assist location of the inguinal crease. The 
proximal reference point is on the inguinal crease at the midpoint of the long axis of the 
thigh. The distal reference point (proximal border of the patella) was located while the 
knee of the subject was extended. The thickness of a vertical fold was measured on the 
right thigh with the subject standing. The body weight was shifted to the left foot while the 
right leg was relaxed with the knee slightly flexed and foot flat on the floor. The caliper 
jaws were applied about 1 cm. distal to the fingers holding the fold and the measurement 
recorded. 
vi) Medial Calf Skinfold 
The subject was asked to stand with his right foot placed on a chair so that 
the knee and hip were flexed to about 90 °. The level of the maximum calf circumference 
was marked on the medial aspect of the calf. From a position in front of the subject, a 
skinfold parallel to the long axis of the calf on its medial aspect, when viewed from the 
front, at a level slightly proximal to the marked site was raised. The thickness of the fold 
was measured at the marked level. It was ensured that the investigator's eyes were level 
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with the subject's knees or lower, so that the hands and the caliper could be placed 
correctly. The caliper was held horizontally, with its jaws facing parallel to the vertical axis 
of the fold. 
vii) Forearm Skinfold 
Forearm skinfold thickness was measured with the subject standing and with 
shoulders and arms relaxed. The arm was pendant and the palm faced the lateral aspect of 
thigh. The forearm skinfold is measured at the same level as the maximum circumference 
of the forearm. The level of maximum circumference was marked on the skin. A vertical 
fold was raised in the midline of the posterior aspect of the forearm between the thumb 
and index finger of the left hand, about 1 cm. distal to the marked level. The thickness was 
measured at the level of the marked circumference. 
viii) Midaxillary Skinfold 
Midaxillary skinfold thickness was measured at the level of the nipples 
(Johnston et al., 1972), in the midaxillary line, with the skinfold horizontal. The subject was 
asked to stand erect and care taken to ensure that the subject did not flex the trunk towards 
the side (right) being measured. The subject's arm was slightly abducted and flexed at the 
shoulder joint. The investigator faced the subject's right side and a horizontal skinfold was 
elevated with the left hand and the measurement taken. 
ix) Chest Skinfold 
· This skinfold is also termed as Pectoral or Juxta-Nipple Skinfold. It was 
measured using a skinfold with its long axis directed to the nipple. The skinfold (oblique) 
was picked up at the midpoint between the anterior axillary fold and the nipple as 
recommended by Pollock et al. (1980). The measurement was made while the subject stood 
with the arms hanging relaxed at the sides. 
3.3.2 DETERMINATION OF FASTING BLOOD GLUCOSE LEVEL 
Fasting blood glucose levels in fresh capillary blood were determined using a 
Reflolux S (Boehringer Mannheim) reflectance photometer. The photometer offers easy, 
convenient and accurate determination of blood glucose in the range 0.5-27.7 mmol/1 (10-
500 mg/dl). BM-Test 1-44 test strips were used. The principle of the test is based on 
Glucose-oxidase/peroxidase reaction, specific for glucose. 
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The fingertip (thumb) of the subject was cleaned with an alcohol (70% v/v) 
wipe. A small puncture was made with an Autoclix lancet to obtain a large, suspended drop 
of blood. Blood was applied to the test strip. It was ensured that the drop completely 
covered both test zones of the strip and that blood was not spread or smeared. Immediately 
afterwards, the timer was started. After exactly 60 seconds, the blood was wiped carefully 
and firmly off the test area with a clean wad of cotton wool. The test area was wiped twice 
more. Care was taken to remove any traces of blood or cotton wool adhering to the test 
area. The test strip was then inserted into the aperture of the test strip chamber. After a 
further 60 seconds, the measurement was read. 
The reliability of blood glucose measurements were checked twice daily, i.e., 
once before the first reading was taken and the other after the last reading. The instrument 
was calibrated and its performance checked whenever a new pack of test strips was used. 
Performance checks were undertaken using two control solutions (Reflolux-II). The 
details of the solutions utilised for performance checks are given in Table 3.1. 
Diagnosis of diabetes was made following the WHO (1985) criteria for 
epidemiological (or population screening purposes) studies. Individuals with fasting whole 
capillary blood glucose concentration 2::: 6.7 mmol/litre (2::: 120 mg/ dl) were classified as 
diabetic. The blood glucose measurement was repeated in case an individual was found to 
be a new diabetic. Subjects who had not maintained an overnight fast were told to come 
back another day after maintaining an overnight fast. Blood glucose measurement was not 
evaluated in any individual who had not maintained a fast. All fasting blood glucose values 
were recorded to the nearest 0.1 mmol/1. 
3.3.3 DETERMINATION OF TOTAL CHOLESTEROL LEVEL 
IN CAPILLARY BLOOD 
Total cholesterol levels in fresh capillary blood were determined using a 
Lipotrend C (Boehringer Mannheim) reflectance photometer. The photometer enables 
simple, rapid and accurate evaluation of the total cholesterol level in capillary blood and 
plasma in the range 2.6-13.0 mmol/1 (100-500 mg/dl). Lipotrend C test strips were used. 
The principle of the test is given in the following page. 
Thirty microlitres of capillary blood was collected (from the finger previously 
pricked for glucose determination) into a glass capillary avoiding the inclusion of air 
bubbles. The test strip was inserted into the test chamber of the instrument. The blood was 
then applied to the centre of the application zone of the test strip without allowing the 
capillary tip to touch the zone. After about 10 seconds (but not more than 15 seconds), the 
test strip was inserted carefully into the test slit of the instrument. Measurement was read 
after a further 160 seconds had lapsed. The reliability of blood cholesterol measurements 
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were checked twice daily, i.e., once before the first reading was taken and the other after 
the last reading. The instrument was calibrated and its performance checked whenever a 
new pack of test strips was used. Performance checks were undertaken utilising two control 
solutions (Control Test Cholesterol N and Control Test Cholesterol P). The details of the 
control solutions utilised for performance checks are outlined in Table 3.1. 
Individuals were classified as having: 
i) Normal Cholesterol Level 
(::; 5.2 mmol/1) 
ii) Raised but not High Cholesterol Level 
( > 5 .2 mmol/1 and ::; 6.2 mmol/1) 
iii) High Cholesterol Level 
(> 6.2 mmol/1; U.S.,> 6.5 mmol/1; U.K. and Europe). 
Classification of individuals in the above categories were based on 
Guidelines of British Hyperlipidaemia Association (1987), British Cardiac Society (1987), 
European Atherosclerosis Society (1988) and National (U.S.) Cholesterol Education 
Programme (1988). In the absence of any universally recognised criterion (as yet there is no 
consensus guideline worldwide as to who should be diagnosed as suffering from 
hypercholesterolaemia), it was felt that a dual classificatory system, i.e., U.S. and U.K. be 
used to determine whether individuals were hypercholesterolaemic. 
Cholesterol 
CHOLESTEROL ESTER+ H20 -----------------------------~ CHOLESTEROL+ RCOOH 
Esterase 
Cholesterol 
CHOLESTEROL+ 02 ----------------------------------~ CHOLESTENONE + H202 
Oxidase 
POD 
H202 + INDICATOR --------------~ DYE+ H20, 
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3.3.4 MEASUREMENT OF BLOOD PRESSURE AND PULSE RATE 
Systolic and diastolic blood pressure and pulse rate were measured using a 
digital Phillips HP5306B blood pressure metre. Readings were taken with the subject sitting 
in a relaxed position. The right arm was placed horizontally on a desk at a level just below 
the heart level. The measurement was repeated after a gap of 2 minutes. If the two readings 
did not agree to within 15 mmHg, a further reading was taken. Blood pressure readings 
were taken midway through the appointment., i.e. after the anthropometric measurements 
were recorded but before the blood samples were drawn. It was ensured that the bottom 
edge of the cuff was about 2-3 ems. above the elbow joint and that the cuff was not attached 
too tightly. Blood pressure was measured in the right arm and readings recorded in mmHg. 
Two pulse rate (heart beat) readings were also recorded. Mean values of both systolic and 
diastolic blood pressure were calculated and used in the analyses. 
Systolic and diastolic blood pressure values were divided into three groups as 
recommended by Kitange et al. (1993). Details of the classificatory system are given below. 
Normal Blood Pressure 
Systolic blood pressure < 
Diastolic blood pressure < 
140 and 
90 
Intermediate Blood Pressure (Borderline Hypertension) 
Systolic Blood Pressure 2 140 < 160 and/ or 
Diastolic Blood Pressure 2 90 < 95 
High Blood Pressure (Hypertension) 
Systolic Blood Pressure 2'.: 160 and/ or 
Diastolic Blood Pressure 2 95 
3.4 ANTHROPOMETRIC AND METABOLIC INDICES 
Numerous anthropometric indices and one metabolic index ( total 
cholesterol/fasting blood glucose) were derived. The anthropometric indices were derived 
so as obtain a detailed overview of body fat patterning from different anatomical regions of 
the body. As many circumference (17 circumference indices) and skinfold (58 skinfold 
indices) indices as possible, given the data set, were used to study relative distribution of 
adiposity. The complete list of all the anthropometric indices utilised is presented in 
Appendix 5. 
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3.5 CLASSIFICATION OF INDICATORS OF LIFESTYLE 
i) Social Class 
Social class of the individuals were determined following the OPCS (1980) 
Classification of Occupations and Coding Index. 
ii) Smoking 
Individuals were classified into two categories: smokers and non-smokers. 
Smokers were further classified as heavy smokers (2:: 15 cigarettes per day) and moderate 
( < 15 cigarettes per day) smokers. 
iii) Alcohol Intake 
The amount of alcohol intake was converted into units following the Health 
Education Authority (1991) guidelines. Subjects were classified as drinkers and non-
drinkers. Individuals were further subdivided into moderate and heavy drinkers following 
the limits of 21 units per week recommended by the Health Education Authority (1991). 
iv) Physical Activity 
Individuals were classified into two categories: those who ·undertook (at least 
once a week) any specific physical exercise at leisure time or work and others who did not 
undertake any specific exercise. Physical activity was further subdivided as moderate or 
vigorous depending on the type of physical activity undertaken, i.e., whether it involved 
brisk movement. Moderate activities included walking, gardening, golf, freehand exercise 
and bowls while vigorous activities included cycling, swimming, running, football, squash, 
tennis, badminton, weight training, volleyball, table tennis, rowing, martial arts or boxing, 
cricket, hockey and rugby. 
v) Family History of Diabetes 
Individuals were classified as having a family history of diabetes if either his 
parents or brother/sister had been diagnosed as having non-insulin dependent diabetes 
mellitus. 
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3.6 DATA MANAGEMENT AND STATISTICAL ANALYSES 
The anthropometric, biochemical and socio-demographic data were 
transferred from data sheets onto a computer database using Wordstar (Version 7.0, 1992). 
The datafile was edited and corrected using the raw data sheets (questionnaires) and then 
transformed to a SPSS Version 4.0.1 system file. The statistical analyses were performed 
using the SPSS on a personal computer (SPSS/PC+ Version 4.0.1). Frequency distributions 
were run on all variables and printouts obtained to check for appropriate values and ranges. 
All values were checked against the original data sheets and corrected at this stage. There 
were no missing values. The distributions of all the variables and indices were checked for 
normality. Appropriate transformations were done to normalise all the distributions. The 
distributions of 66 variables and indices were skewed. The order of transformations 
undertaken to normalise the distributions of variables and indices was log(baselO), natural 
logarithm, square root and square root (logbaselO). The distributions of 49 variables and 
indices were log(baselO) transformed, 11 were square root transformed and 5 square root 
(logbaselO) transformed to normalise the data. The distribution of fasting blood glucose 
was bimodal which is not an unusual population phenomenon, and therefore not a function 
of sampling procedure. Diabetics have very high values of fasting blood glucose ( compared 
to nondiabetics) which is the reason for bimodality of the data. A cosine transformation of 
the distribution of fasting blood glucose was the only possible method of normalising this 
distribution. All other transformations { (log(baselO), natural logarithm, square root, square 
root(logbaselO), sin and tan} failed to normalise the distribution of fasting blood glucose. 
A complete list of transformations is given in Table 3.2. Transformed values were used in 
all statistical analyses. 
Oneway analysis (Scheffe's Test) was used to test for differences in age 
between the three ethnic groups. Chi-square tests were performed to determine the 
differences in the distribution of individuals into different grades of obesity as well as the 
differences in various indicators of lifestyle patterns in the three ethnic groups. 
Bonferonni's reduced significance levels (Miller, 1981) were used for multiple comparisons. 
Chi-square tests were also done to determine the differences in prevalence rates of diseases 
between Asians and Whites. Multiple regression (method enter) analyses were performed 
to test for heterogeneity of anthropometric, metabolic and blood pressure variables and 
indices in the ethnic groups. Discriminant analyses ( corrected for group size) of the three 
ethnic groups were undertaken to determine the most discriminating variables and indices 
and the extent of discrimination possible. Correlation analyses were performed to study the 
interrelationships of age and age 2 with the metabolic variables as well as between 
anthropometric, metabolic and blood pressure variables and indices in the three groups. 
Testing for heterogeneity of the partial correlation coefficients (age controlled) between 
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the ethnic groups were undertaken following the method described in Sokal and Rohlf (1986). Regression analyses (method enter) were performed to determine whether there 
existed significant differences between the groups in body mass index, metabolic variables 
and systolic blood pressure after removing the effects of various independent variables. 
Regression analyses (method enter) were also performed to determine whether certain 
anthropometric variables and indices had any significant effect on metabolic variables and 
systolic blood pressure after removing the effects of age, age 2 and BMI in the three ethnic 
groups. Stepwise regression analyses of metabolic variables and systolic blood pressure 
were undertaken to determine the most important factors of these variables in the three 
ethnic groups. Relevant tables are presented at the end of each chapter. 
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TABLE 3.1: CONTROL SOLUTIONS FOR THE DETERMINATION OF FASTING 
BLOOD GLUCOSE AND TOTAL CHOLESTEROL. 
Control Specified Value Admissible Scattering 
Solution Range 
Glucose Control 2.8 2.0 - 3.7 
Solution 1 
Glucose Control 16.2 13.8 - 18.7 
Solution 2 
Control Test 
Cholesterol N 4.25 3.61 - 4.89 
(Normal Range) 
Control Test 
Cholesterol P 6.55 5.57 - 7.53 
(Pathological Range) 
TABLE 3.2: LIST OF VARIABLES AND INDICES TRANSFORMED TO 
NORMALISE THEIR DISTRIBUTIONS. 
Variable/Index 
Weight 
Minimum waist circumference 
Maximum hip circumference 
Abdomen circumference 
Chest circumference 
Medial calf skinfold 
Forearm skinfold 
Triceps skinfold 
Anterior thigh skinfold 
Fasting blood glucose 
Systolic blood pressure 
Diastolic blood- pressure 
Body mass index 
Abdomen skinfold/ 
Suprailiac skinfold 
Subscapular skinfold/ 
Suprailiac skinfold 
Chest skinfold/ 
Abdomen skinfold 
Midaxillary skinfold/ 
Abdomen skinfold 
Subscapular skinfold/ 
Abdomen skinfold 
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Transformation 
SQRT(LGlO) 
LGlO . 
SQRT(LGlO) 
LGlO 
LGlO 
LGlO 
SQRT(LGlO) 
LGlO 
LGlO 
cos 
SQRT(LGlO) 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
continued 
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(Chest+ Subscapular)/ 
(Suprailiac + Abdomen) 
Chest skinfold/ 
suprailiac skinfold 
Midaxi llary skinfold/ 
suprailiac skinfold 
Triceps skinfold/ 
Forearm skinfold 
Triceps skinfold + 
Forearm skinfold 
Anterior thigh skinfold 
+ Medial calf skinfold 
Anterior thigh skinfold/ 
Medial calf skinfold 
Triceps skinfold/ 
Anterior thigh skinfold 
Forearm skinfold/ 
Medial calf skinfold 
(Forearm+ Triceps)/ 
(Medial calf+ Anterior thigh) 
Chest skinfold/ 
Midaxillary skinfold 
Chest skinfold/ 
Subscapular skinfold 
Subscapular skinfold/ 
Midaxillary skinfold 
Triceps+ Forearm+ Medial calf 
+ Anterior thigh 
Chest skinfold/ 
Triceps skinfold 
Chest skinfold/ 
Forearm skinfold 
Midaxillary skinfold/ 
Triceps skinfold 
Midaxillary skinfold/ 
Forearm skinfold 
Subscapular skinfold/ 
Triceps skinfold 
Subscapular skinfold/ 
Forearm skinfold 
Chest skinfold/ 
Anterior thigh .skinfold 
Chest skinfold/ 
Medial calf skinfold 
Midaxillary skinfold/ 
Anterior thigh skinfold 
Midaxillary skinfold/ 
Medial calf skinfold 
Subscapular skinfold/ 
Anterior thigh skinfold 
Subscapular skinfold/ 
Medial calf skinfold 
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LGlO 
LGlO 
SQRT 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
SQRT 
SQRT 
SQRT 
LGlO 
SQRT 
SQRT 
LGlO 
SQRT 
SQRT 
SQRT 
LGlO 
continued 
suprailiac skinfold/ 
Triceps skinfold 
suprailiac skinfold/ 
Forearm skinfold 
Abdomen skinfold/ 
Forearm skinfold 
Abdomen skinfold/ 
Triceps skinfold 
Suprailiac skinfold/ 
Anterior thigh skinfold 
Suprailiac skinfold/ 
Medial calf skinfold 
Abdomen skinfold/ 
Anterior thigh skinfold 
Abdomen skinfold/ 
Medial calf skinfold 
Chest circumference/ 
Minimum waist circumference 
Chest circumference/ 
Abdomen circumference 
Chest circumference+ 
Abdomen circumference 
Abdomen circumference+ 
Maximum hip circumference 
Chest circumference+ 
Minimum waist circumference 
Chest circumference+ 
Maximum hip circumference 
Minimum waist circumference+ 
Maximum hip circumference 
Minimum waist circumference+ 
Abdomen circumference 
Sum of all circumferences 
Sum of all skinfolds 
Triceps skinfold/ 
Sum of all skinfolds 
Anterior thigh skinfold/ 
Sum of all skinfolds 
Medial calf skinfold/ 
Sum of all skinfolds 
Forearm skinfoid/ 
Sum of all skinfolds 
Total cholesterol/ 
Fasting blood glucose 
SQRT 
LGlO 
cos 
Square Root 
Logarithm to the Base 10 
Cosine . 
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LGlO 
LGlO 
SQRT 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
SQRT(LGlO) 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
LGlO 
SQRT 
CHAPTER 4 
SOCIO-DEMOGRAPHIC CHARACTERISTICS, INDICATORS OF 
LIFESTYLE PATTERNS AND PREVALENCE OF DISEASES 
4.1 INTRODUCTION 
This Chapter describes the socio-demographic characteristics and indicators 
of lifestyle patterns in the three ethnic groups. It also reports on the prevalence of 
previously reported ailments and prevalences of diabetes, hypercholesterolaemia and 
hypertension in Asian and White men. 
4.2 SOCIO-DEMOGRAPHIC CHARACTERISTICS 
The age distribution of the subjects is presented in Table 4.1. A oneway 
analysis of variance showed significant heterogeneity in the mean ages between the three 
groups (F (2,398) = 17.93, p < 0.0001), and the Scheffe's a posteriori test revealed significant 
differences only between Whites and Pakistanis. However, the minimum and maximum 
ages as well as the age ranges were similar in the three ethnic groups. 
While all the Pakistanis were Muslims, one-third of the Indians were Hindus; 
one-quarter Sikhs; and the rest ( 41 % ) were Muslims (Table 4.2). No significant differences 
in mean age and other socio-demographic characteristics (e.g., social class) were observed 
between the various religious subgroups (Muslims, Hindus and Sikhs) of Indians as well as 
between Indians from the subcontinent compared with those born in East Africa. Hence, 
they were considered as a homogeneous ethnic group. 
The majority of the Pakistanis were born in Pakistan (Table 4.3). The birth 
places of the Indians were more diverse, i.e., more than half of them were born outside 
India. More than 40% of the Indians were born in East Africa (Kenya, Tanzania, Uganda). 
Approximately 10% of the Indians and Pakistanis were born in Britain. No significant 
differences were observed in the number of Indians and Pakistanis born in Britain as well 
as the mean number of years of residence in Britain. 
The social class distribution of the subjects is presented in Table 4.4. 
Significantly more Whites (p < 0.0001) were retired (retired vs. not retired) compared with 
Indians and Pakistanis while significantly more Pakistanis (p < 0.0001) were unemployed 
(unemployed vs. employed) compared with Whites. Although the White men were 
randomly selected, the significantly higher proportion of them being retired represented 
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the composition of the General Practices. No significant differences (manual vs. 
nonmanual) were observed in the distribution of individuals in manual and nonmanual 
classes between the three ethnic groups. 
4.3 INDICATORS OF LIFESTYLE PATTERNS IN WHITES, 
INDIANS AND PAKISTANIS 
The results of the study of vanous indicators of lifestyle patterns are 
presented in Table 4.5. Multiple comparisons were undertaken using the Bonferroni 
significance levels (Miller, 1981). All significance (p values) levels were divided by 3, i.e., 
the number of ethnic groups. 
There were no significant differences in the number of smokers and heavy 
smokers(~ 15 cigarettes per day) between the three ethnic groups. 
The prevalence of reported drinking was significantly higher in Whites as 
compared with Indians and Pakistanis. Furthermore, there were significantly more heavy 
drinkers ( > 21 units per week) in Whites than in Indians and Pakistanis. 
Significantly more Whites and Indians reported they undertook physical 
exercise compared with Pakistanis. There were also significantly more Whites who reported 
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undertaking vigorous exercise compared with Pakistanis. 
No significant differences were observed in the reported frequency of 
consumption (at least twice a week) of fresh fruit or vegetables; milk or milk products; and 
cereals between the three ethnic groups. Significantly more Whites reported that they 
consumed fish compared with Pakistanis. Significantly more Indians and Pakistanis 
reportedly ate pulses, nuts or oilseeds as compared with Whites. Regular consumption of 
sugar or syrups, oils or fats and eggs were significantly more prevalent in the Pakistanis 
than the Whites. There were no vegetarians among the Pakistanis while there were 
significantly more Indian vegetarians compared with Whites. 
There were no significant differences in the presence of family history of 
diabetes between the three ethnic groups. 
4.4 PREY ALENCE OF PREVIOUSLY REPORTED AILMENTS IN 
ASIANS AND WHITES 
While significantly more Asians had previously been reported and treated for 
diabetes, there were significantly more White subjects who had previously reported and 
treated for hypercholesterolaemia, hypertension and heart attack (Table 4.6). No 
significant difference was observed between Asians and Whites in the number of subjects 
with previously reported and treated for stroke. 
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4.5 PREVALENCES OF DIABETES, HYPERCHOLESTEROLAEMIA 
AND HYPERTENSION IN ASIANS AND WHITES 
The crude prevalences of diabetes, hypercholesterolaemia and hypertension 
in Asians and Whites are presented in Table 4.7. The prevalence of diabetes in Asian men 
in this study was 15.8% as compared with only 3.8% in White men. The New 
Diabetic/Known Diabetic (persons with previously reported/persons newly diagnosed) 
ratios of the Asians and Whites were very similar. Significantly more Whites (34%) had 
raised (but not high) cholesterol levels as compared with Asians (25.2% ). Significantly 
more Whites (26.7%) also had high (U.S. category, > 6.2 mmol/1) cholesterol levels 
compared with Asians (10.8% ). The difference in prevalence of hypercholesterolaemia 
between the Asians and Whites increased even more when the U.K. criterion ( > 6.5 
mmol/1) was followed, i.e., while 20.6% of the Whites had hypercholesterolaemia, the 
prevalence was only 5.8% in the Asians. Significantly more Whites also had borderline 
systolic blood pressure as compared with Asians. No significant differences in the 
prevalences of high systolic blood pressure, borderline and high diastolic blood pressure 
were observed between the Whites and Asians. 
4.6 SUMMARY OF RESULTS 
The important results of this chapter are summarised below. 
1) There were significant di££ erences in various indicators of lifestyle patterns ( diet, 
alcohol consumption) between Asian and White men. Significantly less Asians 
consumed alcohol compared with Whites. Consumptions of oils/fats and pulses 
were more common in Asians than in Whites. Significantly more Whites undertook 
moderate and vigorous physical exercise compared with Pakistanis. The prevalence 
of smoking was similar in all the ethnic groups. 
2) In this investigation, Asian men had significantly higher prevalence of NIDDM but 
significantly lower prevalence of hypercholesterolaemia compared with White men. 
No significant difference was observed in the prevalence of hypertension between 
Asians and Whites. 
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TABLE 4.1 : AGE DISTRIBUTION OF THE SUBJECTS. 
Number Mean S.D. 
(Age years) (Age Years) 
Whites * 262 51.82 15.60 
Indians 39 45.37 17.49 
Pakistanis * 100 41.18 14.53 
* significant difference between Whites and Pakistanis. 
TABLE 4.2: RELIGIONS OF THE ASIANS. 
Religion Indians 
(n = 39) 
Muslim 16 
(41.0) 
Hindu 13 
(33.3) 
Sikh 10 
(25.6) 
percentages are given in parentheses. 
TABLE 4.3 : PLACES OF BIRTH OF THE ASIANS. 
Place of Birth 
India 
Pakistan 
Sri Lanka 
England 
Kenya 
Tanzania 
Uganda 
Indians 
(n = 39) 
18 
(46.2) 
1 
(2.6) 
4 
(10.3) 
6 
(15.4) 
3 
(7.7) 
7 
(17.9) 
percentages are given in parentheses. 
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Pakistanis 
(n = 100) 
100 
(100.0) 
Pakistanis 
(n = 100) 
1 
( 1. 0) 
89 
(89.0) 
8 
(8.0) 
2 
( 2 . 0) 
TABLE 4.4: SOCIAL CLASS (SOCIO-ECONOMIC STATUS) OF THE SUBJECTS. 
Social Class Whites Indians Pakistanis 
(n = 262) (n = 39) (n = 100) 
I 31 1 4 
(11.8) ( 2. 6) (4.0) 
II 26 8 7 
(9.9) (20.5) (7.0) 
III NM 22 3 2 
(8.4) (7.7) ( 2 . 0 ) 
III M 40 3 19 
(15.3) ( 7 . 7 ) (19.0) 
IV 26 5 13 
(9.9) (12.8) (13.0) 
V 6 2 2 
( 2 . 3 ) (5.1) ( 2 . 0 ) 
Unemployed 24 10 48 
(9 . 2) (25.6) (48.0) 
Retired 82 5 5 
(31.3) (12.8) ( 5. 0) 
Self employed 5 2 
(1.9) (5.1) 
percentages are given in parentheses. 
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TABLE 4.5: LIFESTYLE (DIET, SMOKING, ALCOHOL INTAKE AND EXERCISE 
UNDERTAKEN) PATTERNS AND FAMILY HISTORY OF DIABETES 
IN THE THREE ETHNIC GROUPS. 
Whites Indians Pakistanis chi-square 
(n = 262) (n = 39) (n = 100) test 
smokers 63 9 33 n.s. 
(24 ~0) (23.1) (33.0) 
Heavy Smokers 26 4 11 n.s. 
(~ 15 cigar- (9.9) (10.2) (11 . 0) 
ettes per day) 
Drinkers 192 15 11 *P < 0.00001 
(73.3) (38.5) ( 11. 0) **P < 0.00001 
*** p < 0.0001 
Heavy Drinkers 41 1 2 * p < 0 . 0001 
(> 21 units (15.6) (2.6) (2.0) ** p < 0.0001 
per week) 
Exercise 178 23 29 ** p < 0.00001 
undertaken (67.9) (59.0) (29.0) *** p < 0.0005 
Vigorous 102 11 12 ** p < 0.00001 
exercise (38.9) (28.2) (12.0) 
undertaken 
Fish at least 141 19 37 ** p < 0.0025 
twice a week (53.8) (48.7) (37.0) 
Eggs at least 159 28 82 ** p < 0.0001 
twice a week (60.7) (71.8) (82.0) 
Fresh fruit or 218 37 92 n.s. 
vegetables at (83.2) (94.9) (92.0) 
least twice 
a week 
Pulses, nuts or 76 18 54 * p < 0.025 
oilseeds at (29.0) (46.2) (54.0) ** p < 0.0001 
least twice a 
week 
Sugar or syrup 148 27 78 ** p < 0.0005 
at least twice (56.5) (69.2) (78.0) 
a week 
Meat at least 249 31 100 * p < 0.0005 
twice a week (95.0) (79.5) (100.0) ** p < 0.025 
*** p < 0.00001 
continued 
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oils or fats 168 29 85 
** 
p < 0.0001 
at least (64.1) (74.4) (85.0) 
twice a week 
Milk or milk 249 38 92 n.s. 
products at (95 . 0) (97.4) (92.0) 
least twice 
a week 
Cereals at 203 28 68 n.s. 
least twice (77.5) (71.8) (68.0) 
a week 
Vegetarian 4 3 
* 
p < 0.025 
(1.5) (7.7) 
Family history 38 7 17 
of diabetes (14.5) (17.9) (17.0) n.s. 
percentages are given in parentheses. 
n.s. not significant. 
* 
between Whites and Indians. 
** 
between Whites and Pakistanis. 
*** 
between Indians and Pakistanis. 
TABLE 4.6: NUMBER OF INDIVIDUALS WITH PREVIOUSLY REPORTED AND 
TREATED AILMENTS. 
Ailments Whites Asians chi-square 
(n = 262) (n = 139) test 
Diabetes 7 15 p < 0.0025 
(2.7) (10.8) 
Hypercholes- 34 1 p < 0.00005 
terolaemia (13.0) (0.7) 
Hypertension 66 10 p < 0.00005 
(25.2) (7.2) 
Heart attack 24 4 p < 0.025 
(9.2) (2.9) 
Stroke 4 2 n.s. 
(1.5) (1.4) 
percentages are given in parentheses. 
n.s. not significant. 
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TABLE 4.7: PREVALENCES OF DIABETES, HYPERCHOLESTEROLAEMIA AND 
HYPERTENSION IN WHITES AND ASIANS. 
Diabetes 
New Diabetic/ 
Known Diabetic 
Ratio 
Raised 
Cholesterol 
High (U.S.) 
Cholesterol 
High (U.K.) 
Cholesterol 
Borderline 
systolic 
Blood Pressure 
High Systolic 
Blood Pressure 
Borderline 
Diastolic 
Blood Pressure 
High Diastolic 
Blood Pressure 
Whites 
(n = 262) 
10 
( 3 • 8 ) 
0.43 
89 
(34.0) 
70 
(26.7) 
54 
(20.6) 
56 
( 21. 4) 
25 
(9.5) 
18 
(6.9) 
23 
(8.8) 
Asians 
(n = 139) 
22 
(15.8) 
0.47 
35 
(25.2) 
15 
(10.8) 
8 
(5.8) 
16 
( 11. 5) 
12 
(8.6) 
9 
(6.5) 
12 
(8.6) 
percentages are given in parentheses. 
n.s. not significant. 
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chi-
square 
test 
p < 0.00005 
p < 0.0025 
p < 0.00005 
p < 0.00001 
p < 0.025 
n.s. 
n.s. 
n.s. 
Relative 
Risk 
Whites: 
Asians 
1:4.7 
1:0.5 
1:0.2 
1:0.2 
1:0.5 
1:0.8 
1:0.9 
1: 1. 0 
CHAPTER 5 
VARIATION IN ANTHROPOMETRIC, METABOLIC AND BLOOD 
PRESSURE VARIABLES AND INDICES IN 
THE THREE ETHNIC GROUPS 
5.1 INTRODUCTION 
This chapter exammes the similarities and differences m mean 
anthropometric, metabolic and blood pressure variables and indices between the three 
ethnic groups. In particular it asks the question whether there is significant heterogeneity 
between Whites, Indians and Pakistanis and if so, whether these differences are between 
Whites versus Indians and Pakistanis or more complicated relationships exist. The extent to 
which it was possible to classify the three ethnic groups utilising various anthropometric 
and metabolic variables and ratios is also studied in this chapter. 
5.2 HETEROGENEITY OF ANTHROPOMETRIC, METABOLIC AND BLOOD 
PRESSURE VARIABLES AND INDICES IN THE 
THREE ETHNIC GROUPS 
The means and standard deviations of anthropometric, metabolic and blood 
pressure variables and indices in the three ethnic groups are detailed in Tables 5.1-5.3. 
Table 5.1 presents the means, geometric means and standard deviations for height, weight, 
four ci:rcumf erences, nine skinfolds, fasting blood glucose, total cholesterol, systolic and 
diastolic blood pressure, body mass index and total cholesterol/fasting blood glucose ratio 
in the three ethnic groups. In order to obtain detailed information on body fat patterning, 
numerous indices from various anatomical sites on the trunk ( central and upper body) and 
extremities (upper and lower extremities) were utilised. Table 5.2 presents the means, 
geometric means and standard deviations of 17 circumference indices in the three ethnic 
groups. Table 5.3 presents the means, geometric means and standard deviations of 58 
skinf old indices in the three ethnic groups. The circumference and skinfold indices utilised 
in this study have been selected so as to give detailed information on relative body fat 
distribution. Where data were significantly skewed, a series of transformations were 
undertaken. Distributions of many of the variables were normalised by log(lO) 
transformation. In these cases, the geometric means are presented. However, for some 
variables, normality was achieved only by other transformations, i.e., square root, square 
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root (loglO), and cosine. In these cases, the tables (Tables 5.1-5.3) present the closest 
approximate which is the geometric mean; these geometric means are very close to the 
median values. 
Many of the variables and indices showed a significant association with age. 
Stepwise multiple regression was used to remove the linear and quadratic effects of age 
before testing for heterogeneity of anthropometric and metabolic variables and indices 
between the three ethnic groups. The White group had their mean set to zero for 
comparative purposes. 
As can be seen from Table 5.4, both Indian as well as Pakistani men had 
significantly lower mean values for height, weight, minimum waist, maximum hip and chest 
circumferences, forearm skinfold, total cholesterol and total cholesterol/fasting blood 
glucose ratio than the Whites. On the other hand, they have significantly higher mean 
values of subscapular, suprailiac abdomen, midaxillary and chest skinfolds, and diastolic 
blood pressure than the Whites. 
The results of the multiple regression analyses of circumferences indices are 
presented in Table 5.5. Both Indian as well as Pakistani men had significantly lower mean 
values of the following indices: waist/ abdomen, chest/waist, chest/ abdomen, chest/hip, 
chest + abdomen, chest + waist, chest + hip, waist + hip, sum of all circumferences, 
chest/sum of all circumferences, and hip/sum of all circumferences than White men. On 
the other hand, Indians and Pakistanis had significantly higher mean values of 
abdomen/hip and abdomen/sum of all circumferences ratios than Whites. 
Finally, the results of multiple regression analyses of skinfold indices are 
presented in Table 5.6 and are summarised below. 
Central Body 
Indian and Pakistani men had significantly higher mean values of suprailiac 
+ abdomen index than White men. 
Upper Body : Central Body 
Indian -and Pakistani men had significantly higher mean values of 
suprailiac/ abdomen ratio compared with White men. They also had significantly lower 
mean values of chest/ suprailiac and midaxillary / suprailiac ratios than Whites. 
Upper Extremity 
Indian and Pakistani men had significantly higher mean values of 
triceps/forearm ratio than White men. 
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Upper Body 
Indian and Pakistani men had significantly lower mean values of 
chest/ subscapular ratio compared with White men. On the other hand, they had 
significantly higher mean values of chest + midaxillary and chest + midaxillary + 
subscapular indices; and subscapular/ midaxillary ratio than Whites. 
Truncal 
Indian and Pakistani men had significantly higher mean values of all the 
truncal indices, i.e., chest + midaxillary + abdomen, chest + abdomen, midaxillary + 
abdomen and midaxillary + abdomen + subscapular + suprailiac indices than White men. 
Upper Body : Upper Extremity 
Indian and Pakistani men had significantly higher mean values of all the 
upper body:upper extremity ratios than White men. 
Upper Body : Lower Extremity 
Indian and Pakistani men had significantly higher mean values of all the 
upper body:lower extremity ratios than White men. 
Central Body : Upper Extremity 
Indian and Pakistani men had significantly higher mean values of all the 
central body:upper extremity ratios than White men. 
Central Body : Lower Extremity 
Indian and Pakistani had significantly higher mean values of all the central 
body:lower extremity ratios than White men. 
Other Indices 
Indian and Pakistani men had significantly higher mean values of sum of all 
skinfolds as well as subscapular/sum of all skinfolds, suprailiac/sum of all skinfolds and 
abdomen/sum of all skinfolds ratios than White men. However, they had lower mean 
values of triceps/sum of all skinfolds, medial calf/sum of all skinfolds and forearm/sum of 
all skinfolds ratios than Whites. 
5.3 DISCRIMINANT ANALYSIS 
Preliminary discriminant analysis ( corrected for group size) was undertaken 
utilising all anthropometric, metabolic and blood pressure variables and indices to identify 
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the most discriminating variables/ratios in the three ethnic groups. Thereafter, discriminant 
analysis ( corrected for group size) was undertaken utilising these variables/ ratios i.e., two 
circumferences (chest and waist), four skinfolds (chest, subscapular, suprailiac and 
forearm), one circumference ratio (abdomen/hip), two skinfold ratios (suprailiac/forearm 
and chest/ suprailiac) and cholesterol. 
Utilising only anthropometric variables and ratios, 94.7% of Whites, 20.5% 
of Indians and 72.0% of Pakistanis were correctly classified (Table 5.7) with a total of 
81.8% of all individuals being correctly grouped. Almost half (41.0%) of Indians were 
misclassified by the analysis as Pakistanis. When the Indians and Pakistanis were grouped 
together (Table 5.8), 73.4% were correctly classified as Asians while 92.7% of Whites were 
grouped correctly. The overall percentage of individuals from the three ethnic groups 
correctly classified was 86.0%. 
When anthropometric as well as metabolic variables and ratios were utilised, 
a total of 94.3% and 72.0% of Whites and Pakistanis respectively, were correctly grouped 
(Table 5.9). Although only 23.1 % of Indians were correctly classified, overall 81.8% of all 
individuals of the three ethnic groups were correctly classified. Almost half ( 48.7%) of the 
Indians were classified by the analysis as Pakistanis. When the Indians and Pakistanis were 
grouped together (Table 5.10), 77.0% were correctly classified as Asians while 93.5% of 
Whites were grouped correctly. The overall percentage of individuals from the three ethnic 
groups correctly classified was 87.8%. 
When only metabolic variables were utilised, only 66.3% of all individuals 
were correctly grouped, with 96.6%, 2.6% and 12.0% of Whites, Indians and Pakistanis 
respectively being classified correctly. The most powerful discriminating variables and 
indices of the three ethnic groups (Table 5.11), and Asians and Whites (Table 5.12) were 
similar. 
Thus, better discrimination of the Indians was obtained when they were 
grouped together with Pakistanis as Asians. This was probably due to the fact that many 
Indians were classified as Pakistanis (Tables 5.7 and 5.9) by the analysis. Some of the 
anthropometric characteristics of Indians were intermediate ( although significantly 
different from Whites) between the Whites and Pakistanis. The differences between the 
Whites and Pakistanis were greater than those between the Whites and Indians. Hence, 
some of the misclassification by the analysis of Indians. Also, anthropometric variables and 
indices were much better discriminators of the ethnic groups than metabolic variables 
alone. 
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5.4 SUMMARY OF RESULTS 
The important results of this chapter are summarised below. 
5.4.1 Heterogeneity of Anthropometric, Metabolic and Blood Pressure Variables and 
Indices Between the Ethnic Groups 
1) Significant heterogeneity in body fat patterns was observed ( after removing the 
effects of age and age 2 ) between Asian and White men. Asians had significantly 
more truncal, upper and central body subcutaneous adiposity but significantly less 
forearm subcutaneous adiposity compared with Whites. Asians had significantly 
more total subcutaneous fat but significantly less visceral truncal fat compared with 
Whites. All the ethnic groups had similar levels of generalised ( overall) obesity. 
2) Significant differences were observed in metabolic and blood pressure variables 
(after removing the effects of age and age 2 ) between Asian and White men. Asians 
had significantly lower mean total cholesterol but significantly higher mean diastolic 
blood pressure compared with Whites. No significant differences in mean fasting 
blood glucose levels were observed between the three ethnic groups. 
5.4.2. Discrimination Between the Three Ethnic Groups 
1) Anthropometric variables and ratios were more powerful discriminators of the 
ethnic groups than metabolic variables. 
2) While the majority of Whites and Pakistanis were grouped correctly, many Indians 
were classified by the analysis as Pakistanis. Better discrimination of the Indians was 
obtained when they were grouped together with Pakistanis as Asians. 
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TABLE 5.1: MEAN, GEOMETRIC MEAN AND STANDARD DEVIATION (+ INDICATES GEOMETRIC MEAN) OF ANTHROPOMETRIC, 
METABOLIC AND BLOOD PRESSURE VARIABLES IN 
THE THREE ETHNIC GROUPS. 
Variable+ Whites Indians Pakistanis (unit) Mean S.D. Mean S.D. Mean S.D. 
Height ( cm) 174.6 6.7 170.1 11.0 172.2 6.4 
Weight (kg) • 78.2 1.2 69.2 1.2 73.6 1. 2 Body mass+ 25.7 1.2 24.0 1.2 25.1 1. 2 
index (kg/m2 ) 
Circumferences ( cm) 
Minimum waist • 91. 2 1.1 85.1 1.1 87.1 1.1 Maximum hip • 100.2 1.1 95.5 1.1 97.5 1.1 Chest • 102.3 1.1 95.5 1.1 97.7 1.1 Abdomen • 95.5 1.1 91. 2 1.1 93.3 1.1 
Skinfolds (mm) 
Subscapular 24.8 8.3 28.8 7.8 29.9 9.8 
Suprailiac 24.9 7.0 29.6 7.1 29.9 8.9 
Triceps • 14.5 1.4 13.2 1.4 14.5 1.5 Abdomen 33.0 9.0 35.9 8.8 36.8 9.7 
Anterior thigh • 19.1 1. 4 19.5 1.3 19.1 1.4 Medial calf • 12.9 1. 5 12.6 1.5 12.0 1.5 Forearm+ 6.0 1.1 5.2 1.3 5.1 1. 3 
Midaxillary 24.4 7.5 25.1 7.3 26.6 9.4 
Chest 22.9 7.6 24.8 7.9 23.7 8.8 
Metabolic (mmol/1) 
Fasting blood • 4.6 1.1 4.5 1.2 4.8 1.3 glucose* · 
Total 5.4 1.1 4.8 0.9 5.0 1.0 
cholesterol ** 
Total • 1. 2 1. 3 1.0 1 . 2 1. 0 1.4 cholesterol/ 
Fasting blood 
*** glucose 
Blood Pressure ( mmHg) 
Systolic blood • 128.8 1.1 132.4 ' 1. 2 122.7 1.1 pressure++ 
Diastolic blood • 75.9 1.1 79.4 1.2 77.6 1 . 2 pressure++ 
+ for a complete list of variables transformed, please see 
Table 3. 2. 
continued 
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* excluding individuals with previously diagnosed and treated 
diabetes. 
** excluding individuals with previously diagnosed and treated 
hypercholesterolaemia. 
*** excluding individuals with previously diagnosed and treated 
diabetes or hypercholesterolaemia. 
++ excluding individuals with previously diagnosed and treated 
hypertension. 
+ Geometric means and standard deviations are presented. 
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TABLE 5.2 : MEAN, GEOMETRIC MEAN AND STANDARD DEVIATION (+ INDICATES GEOMETRIC MEAN) OF CIRCUMFERENCE 
INDICES IN THE THREE ETHNIC GROUPS. 
circumference Whites Indians Pakistanis 
d' * In ices Mean S.D. Mean S.D. Mean S.D. 
CENTRAL BODY 
1) Waist/Abdomen 0.96 0.03 0.94 0.03 0.94 0.03 
2) Waist+• 184.9 1.1 175.4 1.1 180.7 1.1 
Abdomen ( cm) 
UPPER BODY: 
CENTRAL BODY 
1) Chest/Waist• 1.12 1.05 1.12 1.05 1.11 1.05 
2) Chest/Abdomen+ 1.07 1. 05 1.06 1.07 1. 04 1.06 
CENTRAL BODY: 
LOWER BODY 
1) Waist/Hip 0.91 0.05 0.89 0.06 0.90 0.06 
2) Abdomen/Hip 0.94 0.05 0.95 0.07 0.96 0.07 
UPPER BODY: 
LOWER BODY 
1) Chest/Hip 1.01 0.04 1.00 0.05 1.00 0.04 
OTHER INDICES 
1) Chest+• 195.9 1.1 186.2 1.1 190.1 1.1 
Abdomen (cm) 
2) Abdomen++ 194.5 1.1 186.2 1.1 190.5 1.1 
Hip (cm) 
3) Chest+• 191.9 1.1 180.3 1.1 184 . 5 1.1 
Waist ( cm) 
4) Chest+• 201. 4 1.1 191.0 1.1 194.5 1.1 
Hip (cm) 
5) Waist ·+• 191.0 1.1 180.3 1.1 185.4 1.1 
Hip (cm) 
6) Sum of • 386.4 1.1 366.4 1.1 375.0 1.1 all (cm) 
7) Waist/Sum 0.23 0.01 0.23 0.01 0.23 0.01 
of all 
8) Chest/Sum 0.26 0.01 0.26 0.01 0.26 0.01 
of all 
9) Abdomen/Sum 0.24 0.01 0.25 0.01 0.25 0.01 
of all 
10) Hip/Sum of 0.26 0.01 0.26 0.01 0.26 0.01 
all 
* 
for a complete list of variables transformed, please see 
Table 3 . 2 • 
• Geometric means and standard deviations are presented. Means and standard deviations of all ratios are presented to 
two decimal places. 
Ratios do not have units. 
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TABLE 5.3 . MEAN, GEOMETRIC MEAN AND STANDARD DEVIATION . (+ INDICATES GEOMETRIC MEAN) OF SKINFOLD 
INDICES IN THE THREE ETHNIC GROUPS. 
Skinfold Whites Indians Pakistanis d' * Mean S.D. Mean S.D. Mean S.D. In ices 
CENTRAL BODY 
1) Suprailiac + 57.9 15.1 65.5 14.7 66.7 17 . 8 
Abdomen (mm) 
2) Abdomen/+ 1. 32 1. 24 1. 21 1.24 1.24 1.20 
Suprailiac 
UPPER BODY: 
CENTRAL BODY 
1) Subscapular/ • 0.10 1.29 0.10 1.31 0.10 1.22 Suprailiac 
2) Chest/+ 0.15 1.24 0.15 1. 29 0.16 1. 25 
Abdomen 
3) Midaxillary/ • 0.14 1.21 0.15 1. 28 0.14 1.25 Abdomen 
4) Subscapular/ • 0.14 1. 25 0.12 1. 33 0.13 1. 21 Abdomen 
5) Chest+ 0.82 0.15 0.76 0.17 0.74 0.13 
Midaxillary/ 
Suprailiac + 
Abdomen 
6) Midaxillary + 0.85 0.14 0.83 0.17 0.84 0.13 
Subscapular/ 
Suprailiac + 
Abdomen 
7) Chest++ 0.12 1.21 0.12 1. 21 0.13 1.18 
Subscapular/ 
Suprailiac + 
Abdomen 
8) Chest/+ 0.11 1.31 0.12 1.34 0.13 1. 29 
Suprailiac 
9) Midaxillary/ • 0.10 1.27 0.12 1. 30 0.12 1. 26 Suprailiac 
UPPER EXTREMITY 
1) Triceps/+ 2.40 1. 39 2.54 1. 42 2.79 1. 39 
Forearm 
2) Triceps++ 20.6 1. 3 18.6 1.4 19.5 1. 4 
Forearm (mm) 
LOWER EXTREMITY 
1) Anterior thigh 37.3 1. 4 32.3 1.4 31. 4 1. 4 
+ Medial calf • (mm) 
2) Anterior thigh • 1.48 1.35 1. 53 1.36 · 1.57 1. 33 /Medial calf 
continued 
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UPPER EXTREMITY: 
LOWER EXTREMITY 
1) Triceps/• 0.13 1.32 0.15 1.36 0.13 1. 32 
Anterior thigh 
2) Forearm/• 0.22 1.47 0.24 1.48 0.24 1. 46 
Medial calf 
3) Forearm+• 0.16 1.26 0.17 1.26 0.16 1. 24 
Triceps/ 
Medial calf+ 
Anterior thigh 
UPPER BODY 
1) Chest/• 0.20 1.18 0.10 1.19 0.11 1.18 
Midaxillary 
2) Chest+ 47.4 14.6 50.0 14.6 50.2 17.8 
Midaxillary (mm) 
3) Chest+ 72.2 22.0 78.7 21.0 80.2 27.0 
Midaxillary + 
Subscapular (mm) 
4) Chest/• 0.11 1.24 0.12 1.36 0.13 1. 22 
Subscapular 
5) Subscapular/ • 0.10 1. 23 0.12 1.30 0.12 1. 23 
Midaxillary 
TRUNCAL 
1) Chest + 80.4 22.6 85.8 22.6 87.0 26.9 
Midaxillary + 
Abdomen (mm) 
2) Chest+ 55.9 15.6 60.7 15.8 60.4 18.0 
Abdomen (mm) 
3) Midaxillary + 57.4 15.8 61.0 15.1 63.3 18.6 
Abdomen (mm) 
4) Midaxillary + 107.1 29.0 119.3 26.8 123.2 35.7 
Abdomen+ 
Subcapular + 
Suprailiac (mm) 
PERIPHERAL 
1) Triceps + • 53.5 1.3 51.2 1.3 51. 2 1.4 
Forearm+ 
Medial calf+ 
Anterior thigh (mm) 
UPPER BODY: 
UPPER EXTREMITY 
1) Chest/Triceps • 1.50 1.40 1. 77 1.50 1. 52 1.37 2) Chest/Forearm• 3.59 1.47 4.49 1.51 4.23 1.53 
3) Midaxillary/ • 1.60 1.41 1. 81 1. 43 1. 71 1.41 
Triceps 
4) Midaxillary/ • 3.58 1. 49 4.59 1.47 4.78 1.52 Forearm 
5) Subscapular/ • 1.63 1.37 2.09 1.39 2.00 1.32 Triceps 
6) Subscapular/ • 3.89 1.48 5.31 1.44 5.48 1.42 Forearm 
continued 
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UPPER BODY: 
LOWER EXTREMITY 
1) Chest/+ 1.12 1. 43 1.20 1. 46 1.14 1. 43 
Anterior thigh 
2) Chest/+ 1. 66 1.50 1. 85 1. 50 1 . 79 1.51 
Medial calf 
3) Midaxillary/ + 1. 20 1.44 1.23 1.39 1. 28 1.45 
Anterior thigh 
4) Midaxillary/ + 1.77 1. 51 1. 88 1. 41 2.01 1.53 
Medial calf 
5) Subscapular/ + 1.21 1.49 1.42 1. 40 1.47 1. 37 
Anterior thigh 
6) Subscapular/ + 1. 79 1.49 2.28 1. 43 2.32 1.42 
Medial calf 
CENTRAL BODY: 
UPPER EXTREMITY 
1) Suprailiac/ • 1. 66 1.34 2.17 1. 38 2.00 1. 33 Triceps 
2) Suprailiac/ • 3.98 1.42 5.52 1. 46 5.56 1. 38 Forearm 
3) Abdomen/+ 5.26 1. 46 6.68 1. 46 6.87 1.38 
Forearm 
4) Abdomen/ • 2.20 1.39 2.63 1. 43 2.47 1. 34 Triceps 
CENTRAL BODY: 
LOWER EXTREMITY 
1) Suprailiac/ + 1.24 1. 34 1. 48 1. 32 1. 49 1. 32 
Anterior thigh 
2) Suprailiac/ + 1.84 1.43 2.27 1. 44 2.34 1. 41 
Medial calf 
3) Abdomen/+ 1.64 1.39 1. 79 1.40 1. 85 1. 34 
Anterior thigh 
4) Abdomen/+ 2.43 1 . 48 2.74 1. 48 2.90 1. 46 
Medial calf 
OTHER INDICES 
1) Sum of all • 179.1 1.3 191.4 1. 3 191.0 1.4 skinfolds (mm) 
2) Subscapular/ 0.13 0 .02 0.15 0.03 0.15 0.02 
Sum of a11 · -
3) Suprailiac/ 0.14 0.02 0.15 0.02 0.15 0.02 
Sum of all 
4) Chest/Sum of 0.12 0.02 0.12 0 .02 0.11 0.02 
all 
5) Triceps/+ 0.01 1. 25 0.15 1. 30 0.13 1. 24 
sum of all 
6) Abdomen/ 0.18 0.03 0.18 0.03 0.19 0.02 
Sum of all 
continued 
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7) Anterior thigh 0.09 1. 26 0.10 1. 26 0.10 
/Sum of all • 8) Medial calf/ 0.01 1. 35 0.02 1.33 0.02 
Sum of all • 9) Forearm/+ 0.03 1.35 0.04 1. 35 0.04 
Sum of all 
10) Midaxillary/ 0 . 13 0.02 0.13 0 . 02 0 . 13 
Sum of all 
* for a complete list of variables transformed, please see 
Table 3.2. 
+ Geometric means and standard deviations are presented . 
1. 26 
1.35 
1. 35 
0 . 02 
Means and standard deviations of all ratios are presented to 
two decimal places. 
Ratios do not have units. 
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TABLE 5.4: DIFFERENCES IN THE MEAN VALUES OF ANTHROPOMETRIC, 
METABOLIC AND BLOOD PRESSURE VARIABLES(+ INDICATES 
GEOMETRIC MEANS) BETWEEN THE THREE ETHNIC GROUPS 
GROUPS (WHITES SET TO ZERO) AFTER CONTROLLING 
FOR AGE AND AGE 2 • 
variable 
(unit) 
Indians 
Mean S.E 
Height (cm) 
Weight (kg) t 
Body mass index+ 
(kg/m2 ) 
Circumferences (cm) 
Minimum waist+ 
Maximum hip t 
Chest• 
Abdomen• 
Skinfolds (mm) 
Subscapular 
Suprailiac 
Triceps+ 
Abdomen 
Anterior thigh+ 
Medial calf+ 
Forearm t 
Midaxillary 
Chest 
Metabolic (mmol/1) 
-4.912 
-0 . 018 
-1.054 
-1.044 
-0.006 
-1.048 
-1.024 
5.097 
4.986 
-1.080 
4.212 
-1.000 
-1.040 
-0.036 
2.043 
3.332 
Fasting blood t 0.056 
* glucose 
Total -0.533 
cholesterol** 
Total cholesterol/+ -0.044 
Fasting blood alucose 
1 t . *** g ucose ra 10 
Blood Pressure (mmHg) 
Systolic blood t 
pressure+ 
Diastolic blood+ 
pressure+ 
0.006 
1.064 
1. 219 
0.004 
1.025 
1.018 
0.002 
1.014 
1.019 
1. 447 
1.299 
1.066 
1.522 
1. 057 
1. 075 
0.011 
1. 299 
1.276 
0.086 
0.179 
0.021 
0.003 
1.024 
144 
Pakistanis 
Mean S.E 
-3.294 
-0.009 
-1.016 
-1. 003 
-0.003 
-1.030 
1.012 
6.551 
5.198 
-1.000 
5.257 
-1. 026 
-1.086 
-0.040 
3.891 
2.714 
0.087 
-0.300 
-0.050 
-0.003 
1.041 
0.862 
0 . 003 
1.017 
1.012 
0.001 
1. 010 
1.013 
1. 023 
0.918 
1. 046 
1. 075 
1.040 
1. 053 
0.008 
0.918 
0.902 
0.062 
0.126 
0.015 
0.002 
1.016 
Significance 
F change 
p < 0.0001 
p < 0 . 0001 
n.s. 
p < 0.05 
p < 0 . 0025 
p < 0.0005 
n.s. 
p < 0.0001 
p < 0.0001 
n.s. 
p < 0.0001 
n.s. 
n.s. 
p < 0.0001 
p < 0.0005 
p < 0.0025 
n.s. 
p < 0.0001 
p < 0.0025 
p < 0.005 
p < 0.05 
continued 
* excluding individuals with previously diagnosed and treated 
diabetes. 
** excluding individuals with previously diagnosed and treated 
hypercholesterolaemia. 
*** excluding individuals with previously diagnosed and treated 
diabetes or hypercholesterolaemia. 
+ excluding individuals with previously diagnosed and treated 
hypertension. 
n.s. not significant. 
+ Geometric means and standard errors are presented. 
i Differences between transformed values are presented because 
geometric means cannot be computed. 
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TABLE 5.5: DIFFERENCES IN THE MEAN VALUES OF CIRCUMFERENCE 
INDICES(+ INDICATES GEOMETRIC MEANS) BETWEEN 
THE THREE ETHNIC GROUPS (WHITES SET TO ZERO) 
AFTER CONTROLLING FOR AGE AND AGE 2 • 
circumference Indians Pakistanis Significance 
Indices Mean S.E Mean S.E F change 
CENTRAL BODY 
1) Waist/Abdomen -0.019 0.005 -0.014 0.004 p < 0.0001 
2) Waist+ Abdomen -1.033 1.018 1 . 005 1. 013 n.s. (cm) • UPPER BODY 
1) Chest/Waist t -0.002 0.004 -0.014 0.003 p < 0.0001 
2) Chest/Abdomen • -1.024 1.009 -1.043 1. 006 p < 0.0001 
CENTRAL BODY: 
LOWER BODY 
1) Waist/Hip -0.002 0.008 0.014 0.006 n.s. 
2) Abdomen/Hip 0.017 0.009 0.030 0.006 p < 0.0001 
UPPER BODY: 
LOWER BODY 
1) Chest/Hip -0.006 0.007 -0 . 011 0.005 n.s. 
OTHER INDICES 
1) Chest+ Abdomen -1.036 1.016 -1.010 1.011 n.s. (cm) • 2) Abdomen + Hip -1.033 1.015 -1.004 1.011 n.s. (cm) • 3) Chest+ Waist -1.046 1.015 -1.018 1.011 p < 0.025 (cm) • 4) Chest+ Hip -1.045 1.013 -1.025 1.009 p < 0.0005 ( cm) + 
5) Waist+ Hip -1.043 1.014 -1.011 1.010 p < 0.025 (cm) • 6) Sum of all -1. 039 1.015 -1.010 1.011 p < 0.05 ( cm) + 
7) Waist/Sum of all -0.001 0.001 0.002 0.001 p < 0.05 
8) Chest/Sum of all -0.002 0.001 -0.005 0.001 p < 0.0001 
9) Abdomen/Sum -of 0.004 0.001 0 . 006 0.001 p < 0.0001 
all 
10) Hip/Sum of all - 0.001 0.001 -0.002 0.001 n.s. 
n.s. not significant. 
• Geometric means and standard errors are presented. t Differences between transformed values are presented because 
geometric means cannot be computed. 
Ratios do not have units. 
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TABLE 5.6: DIFFERENCES IN THE MEAN VALUES OF SKINFOLD INDICES (+ INDICATES GEOMETRIC MEANS) BETWEEN THE THREE 
ETHNIC GROUPS (WHITES SET TO ZERO) AFTER 
CONTROLLING FOR AGE AND AGE 2 • 
Skinfold Indians Pakistanis Significance 
Indices Mean S.E Mean S.E F change 
CENTRAL BODY 
1) Suprailiac + 9.198 2.676 10.455 1.891 p < 0.0001 
Abdomen (mm) 
2) Abdomen/ • -1.062 1.035 -1.025 1.024 n.s. Suprailiac 
UPPER BODY: 
CENTRAL BODY 
1) Subscapular/ • 1.014 1.041 1.063 1.029 n.s. Suprailiac 
2) Chest/ • 1. 016 1.037 -1.055 1.026 n.s. Abdomen 
3) Midaxillary/ • -1.038 1.035 -1.015 1.024 n.s. Abdomen 
4) Subscapular/ • 1. 077 1.039 1.090 1.028 p < 0.005 Abdomen 
5) Chest+ -0.027 0.023 -0.033 0.016 n.s. 
Midaxillary/ 
Suprailiac + 
Abdomen 
6) Midaxillary + 0.001 0.023 0.021 0.016 n.s. 
Subscapular/ 
Suprailiac + 
Abdomen 
7) Chest+ • 1. 025 1.030 1.011 1.021 n.s. Subscapular/ 
Suprailiac + 
Abdomen 
8) Chest/ • -1.046 1.041 -1.081 1.029 p < 0.025 Suprailiac 
9) Midaxillary/ t -0.046 0.017 -0.020 0.012 p < 0.025 
Suprailiac 
UPPER EXTREMITY 
1) Triceps/Forearm • 1.065 1.059 1.172 1.041 p < 0.001 2) Triceps + • -1.099 1.054 -1.047 1.038 n.s. Forearm (mm) 
LOWER EXTREMITY 
1) Anterior • -1.015 1.059 -1.049 1.042 n.s. thigh+ Medial 
calf (mm) 
2) Anterior thigh/ • 1.040 1. 052 1.059 1.037 n.s. Medial calf 
continued 
147 
11 
UPPER EXTREMITY: 
LOWER EXTREMITY 
1) Triceps/+ -1.080 1.049 1.025 1. 034 n.s. 
Anterior thigh 
2) Forearm/+ -1.106 1. 068 -1.080 1.048 n.s. 
Medial calf 
3) Forearm++ -1.083 1.039 1.002 1.028 n.s. 
Triceps/Medial 
1 /1 
calf+ Anterior thigh 
UPPER BODY 
1) Chest/+ 1.055 1.029 -1.039 1.021 p < 0 . 025 
I Midaxillary 
2) Chest+ 5.375 2.489 6.605 1.758 p < 0.0005 
Midaxillary (mm) 
3) Chest+ 10.472 3.778 13.156 2.700 p < 0.0001 
Midaxillary + 
Subscapular (mm) 
4) Chest/+ -1.060 1.038 -1.150 1.027 p < 0.0001 
Subscapular 
5) Subscapular/ • 1.118 1.037 1.106 1.026 p < 0.0001 Midaxillary 
TRUNCAL 
1) Chest+ 9.587 3.846 11.780 2.718 p < 0.0001 
Midaxillary + 
+ Abdomen (mm) 
2) Chest+ Abdomen 7.544 2.643 7.970 1.868 p < 0.0001 (mm) 
3) Midaxillary + 6.255 2.693 9.148 1.903 p < 0.0001 
Abdomen (mm) 
4) Midaxillary + 16.338 5.104 20.897 3.607 p < 0.0001 
Abdomen+ 
Subscapular + Suprailiac (mm) 
PERIPHERAL 
1) Triceps + • -1.046 1.054 -1.049 1.038 n.s. 
Forearm+ Medial 
calf+ Anterior thigh (mm) 
UPPER BODY: 
UPPER EXTREMITY -
1) Chest/Triceps • 1.265 1.054 1.119 1. 038 p < 0.0001 2) Chest/Forearm t 0.300 0.060 0.271 0.043 p < 0.0001 
3) Midaxillary/ t 0.119 0.035 0.096 0.024 p < 0.0001 
Triceps 
4) Midaxillary/ t 0.243 0.063 0.319 0.045 p < 0.0001 
Forearm 
5) Subscapular/ • 1. 341 . 1. 053 1. 287 1.037 p < 0.0001 Triceps 
6) Subscapular/ i . 0.375 0.065 0.434 0.046 p < 0.0001 
Forearm 
continued 
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UPPER BODY: 
LOWER EXTREMITY 
1) Chest/ t 0.084 0.028 0.070 0.020 p < 0.0005 
Anterior thigh 
2) Chest/+ 1.217 1.065 1.214 1.045 p < 0.0001 
Medial calf 
3) Midaxillary/ t 0.052 0 . 030 0.095 0.021 p < 0.0001 
Anterior thigh 
4) Midaxillary/ t 0.088 0.044 0.162 0.031 p < 0.0001 
Medial calf 
5) Subscapular/ t 0.123 0.030 0.156 0.022 p < 0.0001 
Anterior thigh 
6) Subscapular/ + 1.290 1. 064 1.396 1.045 p < 0.0001 
Medial calf 
CENTRAL BODY: 
UPPER EXTREMITY 
1) Suprailiac/ • 1.322 1.053 1.210 1.037 p < 0.0001 Triceps 
2) Suprailiac/ • 1.408 1.062 1.418 1.043 p < 0.0001 Forearm 
3) Abdomen/ t 0.343 0.070 0.388 0.050 p < 0.0001 
Forearm 
4) Abdomen/ • 1.245 1.055 1.181 1.039 p < 0.0001 Triceps 
CENTRAL BODY: 
LOWER EXTREMITY 
1) Suprailiac/ + 1.224 1.051 1.240 1.036 p < 0.0005 
Anterior thigh 
2) Suprailiac/ • 1.273 1.062 1.313 1.043 p < 0.0001 
Medial calf 
3) Abdomen/• 1.153 1.054 1.210 1.038 p < 0.0001 
Anterior thigh 
4) Abdomen/+ 1.198 1.066 1.281 1.046 p < 0.0001 
Medial calf 
OTHER INDICES 
1) Sum of all • 1.109 1.051 1.113 1.036 p < 0.0025 skinfolds (mm) 
2) Subscapular/Sum 0.016 0.004 0.019 0.003 p < 0.0001 
of all skinf-olds 
3) Suprailiac/Sum 0.014 0.003 0.011 0.002 p < 0.0001 
of all skinfolds 
4) Chest/Sum of 0.007 0.003 0.001 0.002 n.s. 
all skinfolds 
5) Triceps/Sum of • -1.198 1. 039 -1.114 1.028 p < 0.0001 all skinfolds 
6) Abdomen/Sum of 0.007 0.004 0.010 0.003 p < 0.005 
all skinfolds 
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7) Anterior thigh/ -1.109 1.038 -1.142 1.027 p < 0.0001 
Sum of all • skinfolds 
8) Medial calf/ • -1.153 1.050 -1.209 1.035 p < 0.0001 Sum of all 
skinfolds 
9) Forearm/Sum of • -1.276 1.052 -1.306 1.036 p < 0.0001 all skinfolds 
10) Midaxillary/Sum -0.001 0.003 0.005 0.002 n.s. 
of all skinfolds 
n.s. not significant. 
+ Geometric means and standard errors are presented. 
i Differences between transformed values are presented because 
geometric means cannot be computed. 
Ratios do not have units. 
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TABLE 5.7: DISCRIMINANT ANALYSIS OF WHITES, INDIANS AND 
PAKISTANIS USING ONLY ANTHROPOMETRIC 
VARIABLES AND INDICES. 
Actual Group Predicted Group Membership 
Whites Indians Pakistanis 
Whites 248 0 14 (n = 262) (94.7) (O.O) ( 5 . 3 ) 
Indians 15 8 16 (n = 39) (38.5) (20.5) (41.0) 
Pakistanis 26 2 72 (n = 100) (26.0) ( 2 . 0 ) (72.0) 
Percent of grouped cases correctly classified = 81.80 
percentages are given in parentheses. 
TABLE 5.8: DISCRIMINANT ANALYSIS OF WHITES AND ASIANS USING ONLY 
ANTHROPOMETRIC VARIABLES AND INDICES. 
Actual Group Predicted Group Membership 
Whites Asians 
Whites 243 19 (n = 262) (92.7) (7.3) 
Asians 37 102 (n = 139) (26.6) (73.4) 
Percent of grouped cases correctly classified= 86.03 
percentages are given in parentheses . 
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TABLE 5.9: DISCRIMINANT ANALYSIS OF WHITES, INDIANS AND 
PAKISTANIS USING ANTHROPOMETRIC AND METABOLIC 
VARIABLES AND INDICES. 
Actual Group Predicted Group Membership 
Whites Indians Pakistanis 
Whites 247 0 15 
(n = 262) (94.3) ( 0. 0) (5.7) 
Indians 11 9 19 
(n = 39) (28.2) (23.1) (48.7) 
Pakistanis 26 2 72 (n = 100) (26.0) (2.0) (72.0) 
Percent of grouped cases correctly classified= 82.79 
percentages are given in parentheses. 
TABLE 5.10: DISCRIMINANT ANALYSIS OF WHITES AND ASIANS USING 
ANTHROPOMETRIC AND METABOLIC VARIABLES AND INDICES. 
Actual Group Predicted Group Membership 
Whites Asians 
Whites 245 17 (n = 262) (93.5) (6.5) 
Asians 32 107 (n = 139) (23.0) (77 .0 ) 
Percent of grouped cases correctly classified= 87.78 
percentages are given in parentheses . 
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TABLE 5.11: DISCRIMINATING VARIABLES FOR WHITES, INDIANS AND 
PAKISTANIS. 
variables Wilk's Lambda 
Suprailiac/Forearm skinfold ratio · 
Chest circumference 
Subscapular skinfold 
Total Cholesterol 
Chest skinfold 
Waist circumference 
Abdomen/Hip circumference ratio 
Chest/Suprailiac skinfold ratio 
Forearm skinfold 
Suprailiac skinfold 
0.826 
0.711 
0.570 
0.530 
0.519 
0.504 
0 . 488 
0.482 
0.471 
0.461 
TABLE 5.12: DISCRIMINATING VARIABLES FOR WHITES AND ASIANS. 
Variables Wilk's Lambda 
Suprailiac/Forearm skinfold ratio 
Chest circumference 
Subscapular skinfold 
Total Cholesterol 
Abdomen/Hip circumference ratio 
Waist circumference 
Suprailiac skinfold 
Forearm skinfold 
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0.826 
0.712 
0.571 
0.532 
0.526 
0.510 
0.505 
0 . 489 
CHAPTER 6 
CORRELATION OF ANTHROPOMETRIC, METABOLIC AND BLOOD 
PRESSURE VARIABLES AND INDICES IN THE 
THREE ETHNIC GROUPS 
6.1 INTRODUCTION 
The previous chapter showed significant heterogeneity in means of 
anthropometric and metabolic variables and indices between the three ethnic groups. This 
chapter goes on to examine the interrelationships between fasting blood glucose, total 
cholesterol, systolic and diastolic blood pressure and anthropometric variables and indices 
in the three ethnic groups. 
6.2 CORRELATION OF ANTHROPOMETRIC, METABOLIC AND BLOOD 
PRESSURE VARIABLES AND INDICES IN THE 
THREE ETHNIC GROUPS 
Firstly, the relationship between fasting blood glucose, total cholesterol, 
systolic and diastolic blood pressure with age was investigated to determine whether age 
had a significant effect on these variables. No significant heterogeneity (Table 6.1) was 
observed in the correlation of age with these variables between the three ethnic groups. 
However, because a significant effect of age existed, partial correlations with age and age 2 
were computed (Tables 6.2-6.3). No significant heterogeneity was observed in the partial 
correlations of age and age 2 with these variables between the three ethnic groups. 
However, although the partial correlations were not significantly different 
between the three ethnic groups, which indicates similarity in the associations between age 
and age 2 with fasting blood glucose, total cholesterol, systolic and diastolic blood pressure 
this could indicate either (a) complete overlap of these distributions in the three ethnic 
groups, or (b) a parallel response, that is with significant heterogeneity between the 
regression values. In order to test these two hypotheses, multiple regression analyses were 
run which tested for heterogeneity between the b values. The results are presented in Table 
6.4. They show that for fasting blood glucose, hypothesis (a) is correct, i.e., no significant 
difference in b values, whereas for cholesterol, systolic and diastolic blood pressure, 
hypothesis (b) is true. It would thus appear if one wanted to predict cholesterol levels of the 
three ethnic groups, then for any given age, White men have significantly higher mean 
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cholesterol than Asian men (Table 6.4 ). Similarly, for any given age, Indian and Pakistani 
men have significantly higher mean diastolic blood pressure than White men. In the case of 
systolic blood pressure, Indians have significantly higher and Pakistanis lower means 
compared with Whites, for a given age. 
The correlation coefficients of weight, fasting blood glucose, total 
cholesterol, systolic and diastolic blood pressure and body mass index in the three ethnic 
groups are presented in Table 6.5. Systolic blood pressure was significantly correlated with 
weight and body mass index in all the ethnic groups. Diastolic blood pressure was also 
significantly correlated with body mass index in the three ethnic groups. 
The correlation coefficients of fasting blood glucose, total cholesterol, and 
systolic and diastolic blood pressure with circumferences (Table 6.6), skinfolds (Table 6.7), 
circumference ratios (Table 6.8), truncal (Table 6.9) and extremity (Table 6.10) skinfold 
ratios, truncal-upper extremity (Table 6.11) and truncal-lower extremity (Table 6.12) 
skinf old ratios in the three ethnic groups are presented in Tables 6.6-6.12. 
Systolic blood pressure was significantly correlated with maximum hip, 
minimum waist, abdomen and chest circumferences in all the ethnic groups (Table 6.6). 
Diastolic blood pressure was significantly correlated with minimum waist, chest and 
abdomen circumferences in the three ethnic groups. 
Systolic and diastolic blood pressure were significantly correlated with 
subscapular, chest, midaxillary and abdomen skinf olds in all the ethnic groups (Table 6. 7). 
Significant correlation coefficients were observed in all the ethnic groups 
(Table 6.8) in the following: fasting blood glucose with abdomen/hip ratio; cholesterol with 
waist/hip, abdomen/hip and chest/abdomen (negative correlation) ratios; systolic blood 
pressure with waist/hip, chest/waist (negative correlation), abdomen/hip and 
chest/abdomen (negative correlation) ratios; and diastolic blood pressure with waist/hip, 
chest/waist (negative correlation) and chest/abdomen (negative correlation) 
circumference ratios. 
Significant correlation coefficients were observed in all the ethnic groups 
(Table 6.9) in the following: total cholesterol with chest/subscapular; systolic blood 
pressure with chest/ abdomen and chest/ suprailiac; and diastolic blood pressure with 
chest/ abdomen, chest/ suprailiac and midaxillary / suprailiac skinfold ratios. 
Significant correlation in all the ethnic groups (Table 6.10) was not observed 
with any extremity skinfold ratio. 
Systolic and diastolic blood pressure were significantly correlated with 
chest/forearm skinfold ratio (Table 6.11) in all the three ethnic groups. 
Systolic blood pressure was significantly correlated with midaxillary / anterior 
thigh, chest/anterior thigh and chest/medial calf skinfold ratios in all the ethnic groups 
(Table 6.12). Diastolic blood pressure was significantly correlated with chest/anterior thigh 
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skinfold ratio in the three ethnic groups. 
Partial correlations (age effect removed) were computed for all the 
correlations which showed significant heterogeneity between the ethnic groups. Thereafter, 
the heterogeneity of these partial correlations was computed. Significant heterogeneity 
were observed (Table 6.13) in the partial correlations (after removing the effect of age) of 
fasting blood glucose with systolic blood pressure and chest/ subscapular skinfold ratio; 
total cholesterol with triceps skinfold, triceps/forearm and suprailiac/triceps skinfold 
ratios; and diastolic blood pressure with chest circumference, suprailiac skinfold and 
chest/triceps and suprailiac/forearm skinfold ratios between the three ethnic groups. Since 
numerous tests of heterogeneity of correlation coefficients were performed, the chances of 
significant findings being more likely to be a repeatable result can be deduced with a 
reduced level of significance. Therefore, only those correlations where the level of 
significance of heterogeneity was p < 0.01 (instead of p < 0.05) were considered. The 
results of the heterogeneity tests of the partial correlations were not different than those 
undertaken with p < 0.05 significance level. 
6.3 SUMMARY OF RESULTS 
The important results of this chapter are summarised below. 
1) No significant heterogeneity was observed in the correlations of age and age 2 with 
fasting blood glucose, total cholesterol, systolic and diastolic blood pressure between 
the three ethnic groups. 
2) The distributions (age controlled) of total cholesterol, systolic and diastolic blood 
pressure were significantly different in Asian men compared with White men. 
3) Fasting blood glucose was significantly correlated with abdomen/hip circumference 
ratio in all the ethnic groups. 
4) Cholesterol was significantly correlated with abdomen/hip and waist/hip 
circumference ratios; and chest/ subscapular skinfold ratio in all the groups. 
Significant negative correlation between cholesterol and chest/ abdomen 
circumference ratio was observed in the three ethnic groups. 
5) Systolic blood pressure was significantly correlated with weight, BMI; hip, waist, 
abdomen and chest circumferences; subscapular, chest, midaxillary and abdomen 
skinfolds; waist/hip and abdomen/hip circumference ratios; and chest/ abdomen, 
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chest/ suprailiac, chest/forearm, midaxillary / anterior thigh, chest/ anterior thigh 
and chest/medial calf skinfold ratios in all the ethnic groups. Systolic blood pressure 
was significantly negatively correlated with chest/waist and chest/ abdomen 
circumference ratios in all the groups. 
6) Diastolic blood pressure was significantly correlated with BMI; waist, chest and 
abdomen circumferences; subscapular, chest, midaxillary and abdomen skinfolds; 
waist/hip circumference ratio; and chest/ abdomen, chest/ suprailiac, midaxillary / 
suprailiac, chest/forearm and chest/ anterior thigh skinfold ratios in all the ethnic 
groups. Diastolic blood pressure significantly negatively correlated with chest/ 
waist and chest/ abdomen circumference ratios in the three ethnic groups. 
7) Significant heterogeneity were observed in the correlations ( after removing the 
effect of age) of fasting blood glucose with systolic blood pressure and chest/ 
subscapular skinfold ratio; total cholesterol with triceps skinfold, triceps/forearm 
and suprailiac/triceps skinf old ratios; and diastolic blood pressure with chest 
circumference, suprailiac skinfold and chest/triceps and suprailiac/forearm skinfold 
ratios between the three ethnic groups. 
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TABLE 6.1: CORRELATION OF FASTING BLOOD GLUCOSE, TOTAL 
CHOLESTEROL, SYSTOLIC AND DIASTOLIC BLOOD PRESSURE 
WITH AGE IN THE THREE ETHNIC GROUPS. 
variables Whites Indians Pakistanis Heterogeneity (n = 262) (n = 39) (n = 100) between r's 
Fasting - 0.05 0.21 0.08 n.s. 
blood n.s. n.s. n.s. 
glucose 
Total 0.31 0 . 22 0 . 28 n.s. 
cholesterol (p < 0.001) n.s. (p < 0.01) 
Systolic 0.42 0.66 0.42 n.s. 
blood (p < 0.001) (p < 0.001) (p < 0.001) 
pressure 
Diastolic 0.29 0.57 0.37 n.s. 
blood (p < 0.001) (p < 0.001) (p < 0.001) 
pressure 
n.s. not significant. 
TABLE 6.2: PARTIAL CORRELATIONS OF FASTING BLOOD GLUCOSE, TOTAL 
CHOLESTEROL, SYSTOLIC AND DIASTOLIC BLOOD. PRESSURE 
WITH AGE IN THE THREE ETHNIC GROUPS. 
Variables Whites Indians Pakistanis Heterogeneity (n = 262) (n = 39) (n = 100) between p.r's 
Fasting 0.04 0.12 0.11 n.s. blood n.s. n.s. n.s. 
glucose 
Total 0.21 0.33 0.22 n.s. 
cholesterol (p < 0.001) (p < 0.05) (p < 0 .05) 
Systolic 
- 0.14 0.15 
-
0 . ·02 n.s. blood (p < 0.025) n.s. n.s. 
pressure 
Diastolic 0.06 0.25 0.20 n.s. blood n.s. n.s. (p < 0.05) 
pressure 
not significant. 
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TABLE 6.3 : PARTIAL CORRELATIONS OF FASTING BLOOD GLUCOSE, TOTAL CHOLESTEROL, SYSTOLIC AND DIASTOLIC BLOOD PRESSURE 
WITH AGE 2 IN THE THREE ETHNIC GROUPS. 
variables 
Fasting 
blood 
glucose 
Whites 
(n = 262) 
- 0.05 
n.s. 
Total - 0.17 
cholesterol (p < 0.01) 
Indians 
(n = 39) 
- 0.09 
n.s. 
- 0.30 
n.s. 
systolic 
blood 
pressure 
0.20 - 0.01 
(p < 0.0025) n.s. 
Diastolic 
blood 
pressure 
- 0.02 
n.s. 
n.s. not significant. 
- 0.14 
n.s. 
Pakistanis 
(n = 100) 
- 0.10 
n.s. 
- 0.18 
n.s. 
0.09 
n.s. 
- 0.14 
n.s. 
Heterogeneity 
between p.r's 
n.s. 
n.s. 
n.s. 
n.s. 
TABLE 6.4: ETHNIC DIFFERENCES IN THE METABOLIC AND BLOOD 
PRESSURE VARIABLES (WHITES SET TO ZERO) AFTER 
CONTROLLING FOR THE LINEAR AND QUADRATIC 
EFFECTS OF AGE. 
Variable Sig. F Indians 
FBG 
Chol . 
SBP 
DBP 
n.s. 
FBG 
Chol 
SBP 
DBP 
Change B 
n.s. 0.054 
p < 0.001 - 0.556 
p < 0.005 0.007 
p < 0.05 0.024 
not significant 
Fasting blood glucose 
Total cholesterol 
Systolic blood pressure 
Diastolic blood pressure . 
Sig. T 
n.s. 
p < 0.005 
p < 0.025 
p < 0.025 
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Pakistanis 
B Sig. T 
0.072 n.s. 
- 0.374 p < 0.005 
- 0.004 n.s. 
0.012 n.s . 
TABLE 6.5: CORRELATION COEFFICIENTS OF WEIGHT, FASTING BLOOD 
GLUCOSE, TOTAL CHOLESTEROL, SYSTOLIC AND DIASTOLIC 
BLOOD PRESSURE AND BODY MASS INDEX IN THE THREE 
ETHNIC GROUPS. 
correlates Whites Indians Pakistanis Heterogen . (n = 262) (n = 39) (n = 100) between r's 
Weight and 
FBG 0.18 0.08 0 . 29 n.s. (p < 0.005) n.s. (p < 0 . 005) 
Cholesterol - 0.01 0.03 0.25 n.s. 
n.s. n.s. (p < 0.025) 
SBP 0 . 21 0.37 0.40 n.s. (p < 0.005) (p < 0.025) (p < 0.001) 
DBP 0.13 0.28 0.42 6.92 (p < 0.05) n.s. (p < 0.001) (p < 0.05) 
FBG and 
Cholesterol - 0.04 0.39 0.11 7.18 
n.s. (p < 0.025) n.s. (p < 0.05) 
SBP - 0.03 0.10 0.29 7.66 
n.s. n.s. (p < 0.005) (p < 0.025) 
BMI 0.18 0.10 0.32 n.s. (p < 0.005) n.s. (p < 0.005) 
Cholesterol and 
SBP 0.24 0.12 0.12 n.s. (p < 0.001) n.s. n.s. 
DBP 0.25 0.27 0.22 n.s. (p < 0.001) n.s. (p < 0.05) 
BMI 0.11 0.20 0.29 n.s. 
n.s. n.s. (p < 0.005) 
SBP and 
DBP 0.59 0.82 0.71 8.65 (p < 0.001) (p < 0.001) (p < 0.001) (p < 0.025) BMI 0.27 0.49 0.35 n.s. (p < 0.001) (p < 0.005) (p < 0.001) 
DBP and 
BMI 0.17 0.45 0.37 n.s. (p < 0.01) (p < 0.005) (p < 0.005) 
p values are given i n parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure 
BMI Body mass index. 
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TABLE 6.6: CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH CIRCUMFERENCES IN THE 
THREE ETHNIC GROUPS. 
Correlates Whites Indians Pakistanis Heterogen. 
(n = 262) (n = 39) (n = 100) between r's 
FBG and 
Maximum hip 0.11 0.00 0.27 n.s. 
n.s. n.s. (p < 0.01) 
Minimum waist 0.20 0.18 0.30 n.s. 
(p < 0.005) n.s. (p < 0.005) 
Chest 0.16 0.10 0.31 n.s. 
(p < 0.01) n.s. (p < 0.005) 
Abdomen 0.16 0.20 0.29 n.s 
(p < 0.01) n.s. (p < 0.005) 
Cholesterol and 
Maximum hip 0.04 - 0.03 0.23 n.s. 
n.s. n.s. (p < 0 .025) 
Minimum waist 0.17 0.24 0.33 n.s. 
(p < 0.01) n.s. (p < 0.005) 
Chest 0.10 0.12 0.27 n.s. 
n.s. n.s. (p < 0.01) 
Abdomen 0.15 0.26 0.34 n.s. 
(p < 0.025) n.s. (p < 0.005) 
SBP and 
Maximum hip 0.29 0.40 0.36 n.s. 
(p < 0.001) (p < 0.025) (p < 0 .001) 
Minimum waist 0.33 0.62 0.45 n.s. 
(p < 0.001) (p < 0.001) (p < 0.001) 
Chest 0.28 0.55 0.41 n.s. 
(p < 0.001) (p < 0.001) (p < 0.001) 
Abdomen 0 . 32 0.63 0.45 6.25 
(p < 0.001) (p < 0.001) (p < 0.001) (p < 0.05) 
DBP and 
Maximum hip 0.18 0.29 0.38 n.s. 
(p < 0.005) n.s. (p < 0.001) 
Minimum waist 0.25 0.52 0.48 7.05 
(p < 0.001) (p < 0.005) (p < 0.001) (p < 0.05) 
Chest 0.15 0.39 0.44 8.20 
(p < 0.025) (p < 0.025) (p < 0.001) (p < 0.025) 
Abdomen 0 . 24 0.56 0.48 8.74 
(p < 0.001) (p < 0.001) (p < 0.001) (p < 0.025) 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
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TABLE 6.7 : CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH SKINFOLDS IN THE 
THREE ETHNIC GROUPS. 
Correlates Whites Indians Pakistanis Heterogen. (n = 262) (n = 39) (n = 100) between r's 
FBG and 
Subscapular 0.29 - 0.06 0.27 n.s. 
(p < 0.005) n.s. (p < 0.01) 
supra iliac 0.28 0.02 0.30 n.s. 
(p < 0.001) n.s. (p < 0.005) 
Chest 0.10 0.22 0.22 n.s. 
n.s. n.s. (p < 0.05) 
Midaxillary 0.21 0.26 0.26 n.s. 
(p < 0.001) n.s. n.s. 
Abdomen 0 . 26 0.14 0.21 n.s. 
(p < 0.001) n.s. (p < 0.05) 
Triceps 0.13 - 0.06 0.06 n.s. (p < 0.05) n.s. n.s. 
Anterior thigh 0.14 - 0.01 0.16 n.s. (p < 0.025) n.s. n.s. 
Medial calf 0.20 0.10 0.15 n.s. 
(p < 0.005) n.s. n.s. 
Cholesterol and 
Subscapular 0.13 0.02 0.33 n.s. (p < 0.05) n.s. (p < 0.005) 
Suprailiac 0.17 0.18 0.23 n.s. (p < 0.01) n.s (p < 0.025) 
Chest 0.25 0.31 0.31 n.s. 
111 (p < 0.001) n.s. (p < 0.005) 
Midaxillary 0.25 0.26 0.29 n.s. (p < 0.001) n.s. (p < 0.005) 
Abdomen 0.23 0.25 0.38 n.s. (p < 0.001) n.s. (p < 0.001) 
Triceps 0.02 0.02 0.37 9.97 
n.s. n.s. (p < 0.001) (p < 0.01) 
Anterior thigh - 0.02 0.22 0.23 n.s. 
n.s. n.s. (p < 0.025) 
SBP and 
Subscapular 0.28 0.47 0.40 n.s. 
(-p < 0.001) (p < 0.005) (p < 0.001) 
Suprailiac 0.10 0.14 0.35 n.s. 
n.s. n.s. (p < 0.001) 
Chest 0.32 0.57 0 . 43 n.s. (p < 0.001) (p < 0.001) (p < 0.001) 
Midaxillary 0 . 31 0.37 0.42 n.s. (p < 0.001) (p < 0.025) (p < 0.001) 
Abdomen 0.19 0.50 0.34 n.s. (p < 0.005) (p < 0.005) (p < 0.005) 
Forearm 0. 0.3 0.24 0.22 n.s. 
n.s. n.s. (p < 0.05) 
continued 
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Anterior thigh - 0 . 01 0 . 07 0.29 6 .5 5 
n.s. n.s. (p < 0 . 005) (p < 0.05) 
Triceps 0 . 14 0 . 25 0 . 22 n.s. (p < 0.025) n.s . (p < 0.05) 
DBP and 
subscapular 0 . 22 0 . 35 0 . 44 n . s . (p < 0.001) (p < 0.05) (p < 0.001) 
suprailiac 0.11 0.11 0.38 6.24 
n.s. n.s. (p < 0.001) (p < 0.05) Chest 0 . 28 0 . 52 0 . 46 n.s. (p < 0.001) (p < 0.005) (p < 0.001) 
Midaxillary 0.30 0.39 0.47 n.s . (p < 0 . 001) (p < 0.025) (p < 0.001) 
Abdomen 0 . 18 0.36 0.40 n.s. (p < 0.005) (p < 0.025) (p < 0.001) 
Forearm 0.16 0.18 0 . 18 n.s. (p < 0.025) n.s. n.s . 
Triceps 0 . 21 0.11 0.26 n.s. (p < 0.005) n.s. (p < 0.01) 
Anterior thigh 0.10 0.15 0.22 n.s. 
n.s. n.s. (p < 0.05) 
Medial calf 0.16 0.09 0.18 n.s. (p < 0.025) n.s. n.s. 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
163 
TABLE 6.8 : CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH CIRCUMFERENCE RATIOS IN 
THE THREE ETHNIC GROUPS. 
correlates 
FBG and 
waist/Hip 
Chest/Waist 
Abdomen/Hip 
Cholesterol and 
Waist/Hip 
Chest/Waist 
Abdomen/Hip 
Chest/Abdomen 
SBP and 
Waist/Hip 
Chest/Waist 
Waist/Abdomen 
Chest/Hip 
Abdomen/Hip 
Chest/Abdomen 
DBP and 
Waist/Hip 
Chest/Waist 
Waist/Abdomen 
Chest/Hip 
Abdomen/Hip 
Chest/Abdomen 
Whites 
(n = 262) 
0.21 
(p < 0.001) 
- 0.17 
(p < 0.01) 
0.18 
(p < 0.005) 
0.25 
(p < 0.001) 
- 0.18 
(p < 0.005) 
0.25 
(p < 0.001) 
- 0.16 
(p < 0.025) 
0.25 
(p < 0.001) 
- 0.27 
(p < 0.001) 
0.04 
n.s. 
0.05 
n.s. 
0.25 
(p < 0.001) 
- 0.22 
(p < 0.001) 
0.23 
(p < 0.001) 
- 0.29 
(p < 0.001) 
-0. 03 
n.s. 
- 0.02 
n.s. 
0.24 
(p < 0.001) 
- 0.26 
(p < 0.001) 
Indians 
(n = 39) 
0.29 
n.s. 
- 0.22 
n.s. 
0.34 
(p < 0.05) 
0 . 40 
(p < 0 . 025) 
- 0.31 
n.s. 
0.46 
(p < 0.005) 
- 0.34 
(p < 0.05) 
0.47 
(p < 0.005) 
- 0.47 
(p < 0.005) 
- 0.36 
(p < 0.025) 
0.21 
n.s. 
0.60 
(p < 0.001) 
- 0.51 
(p < 0.005) 
0.45 
(p < 0.005) 
- 0.52 
(p < 0.005) 
- 0.44 
(p < 0.01) 
0 .13 
n.s. 
0.61 
(p < 0 .001) 
- 0.57 
(p < 0.001) 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
Pakistanis 
(n = 100) 
0.24 
(p < 0.025) 
- 0.14 
n . s . 
0.24 
(p < 0.025) 
0.34 
(p < 0 . 005) 
- 0.31 
(p < 0.005) 
0.37 
(p < 0.001) 
- 0.32 
(p < 0.005) 
0.41 
(p < 0.001) 
- 0.35 
(p < 0.001) 
- 0.13 
n.s. 
0.25 
(p < 0.025) 
0.46 
(p < 0.001) 
- 0.36 
(p < 0.001) 
0.43 
(p < 0.001) 
- 0.35 
(p < 0.001) 
- 0.15 
n.s. 
0.28 
(p < 0 .01) 
·0.47 
(p < 0.001) 
- 0.37 
(p < 0 .001) 
Heterogen. 
between r's 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
6.73 
(p < 0.05) 
n.s. 
8.19 
(p < 0.025) 
n.s . 
n.s. 
n.s . 
9.08 
(p < 0.025) 
6 .72 
(p < 0.05) 
10.10 
(p < 0.01) 
n.s. 
SBP Systolic blood pressure, DBP Diastolic blood pressure. 
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TABLE 6 . 9 : CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH TRUNCAL SKINFOLD RATIOS 
IN THE THREE ETHNIC GROUPS. 
correlates 
FBG and 
Midaxillary/ 
Abdomen 
Chest/ 
Midaxillary 
Chest/ 
subscapular 
subscapular/ 
Midaxillary 
Cholesterol and 
Chest/ 
Subscapular 
Chest/Abdomen 
Chest/ 
Suprailiac 
Subscapular/ 
Midaxillary 
Abdomen/ 
Suprailiac 
Subscapular 
Suprailiac/ 
Midaxillary/ 
Suprailiac 
Midaxillary/ 
Abdomen 
SBP and 
Subscapular/ 
suprailiac 
Chest/Abdomen 
Midaxillary / 
Abdomen 
Subscapular/ 
Abdomen 
Chest/ 
Suprailiac 
Midaxillary/ 
Suprailiac 
Abdomen/ 
Supr ai l iac 
Chest/ 
Midaxillary 
Chest/ 
Subscapular 
Whites 
(n = 262) 
0.01 
n.s. 
- 0.16 
(p < 0 . 01) 
- 0.14 
(p < 0.05) 
0 . 01 
n.s. 
0.21 
(p < 0.005) 
0.14 
(p < 0.05) 
0.18 
(p < 0.005) 
- 0.18 
(p < 0.005) 
0.09 
n.s. 
0.02 
n.s. 
0.17 
(p < 0.01) 
0.12 
(p < 0.05) 
0.29 
(p < 0.001) 
0.28 
(p < 0.001) 
0.28 
(p < 0 . 001) 
0.20 
- ( p < 0.005) 
0 . 33 
(p < 0 . 001 ) 
0.34 
(p < 0 . 001) 
0.13 
n. s . 
0 . 04 
n . s . 
0 . 07 
n . s . 
Indians 
(n = 39) 
0.14 
n . s. 
0 . 05 
n.s. 
0.35 
(p < 0.05) 
- 0.38 
(p < 0.025) 
0.37 
(p < 0.025) 
0.21 
n.s. 
0.25 
n.s. 
- 0.31 
n.s. 
0.08 
n.s. 
- 0.15 
n . s. 
0.15 
n.s. 
0.09 
n.s. 
0.31 
n.s. 
0 . 29 
n.s. 
- 0.01 
n . s. 
- 0 . 01 
n.s. 
0 . 54 
( p < 0 . 001) 
0 . 27 
n . s. 
0 . 39 
(p < 0 .0 25 ) 
0 . 43 
(p < 0 . 01) 
0 . 24 
n. s . 
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Pakistanis 
(n = 100) 
0.27 
(p < 0.01) 
- 0.10 
n.s. 
0.06 
n.s . 
- 0.14 
n.s. 
0.24 
(p < 0.025) 
0.22 
(p < 0.05) 
0.35 
(p < 0.001) 
- 0.09 
n.s. 
0.22 
(p < 0 . 05) 
0.21 
(p < 0.05) 
0.24 
(p < 0.025) 
0.09 
n.s. 
0.19 
n . s. 
0.39 
(p < 0.001) 
0 . 38 
(p < 0.001) 
0 . 24 
(p < 0.05) 
0 . 30 
(p < 0.005) 
0 . 30 
(p < 0.005) 
- 0.06 
n. s . 
0 . 03 
n . s . · 
0 . 21 
(p < 0 . 05) 
Heterogen . 
between r 's 
n . s. 
n.s. 
9.50 
(p < 0.01) 
6.18 
(p < 0.05) 
n.s. 
n.s. 
n.s. 
n.s. 
n . s. 
n.s. 
n.s. 
n.s. 
n . s. 
n . s. 
n .s. 
n . s. 
n. s . 
n . s. 
n.s . 
n.s. 
n. s . 
c onti nue d 
TABLE 6.9: CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH TRUNCAL SKINF'OLD RATIOS 
IN THE THREE ETHNIC GROUPS. 
correlates 
FBG and 
Midaxillary/ 
Abdomen 
Chest/ 
Midaxillary 
Chest/ 
Subscapular 
Subscapular/ 
Midaxillary 
Cholesterol and 
Chest/ 
Subscapular 
Chest/Abdomen 
Chest/ 
Suprailiac 
Subscapular/ 
Midaxillary 
Abdomen/ 
Suprailiac 
Subscapular 
Suprailiac/ 
Midaxillary/ 
suprailiac 
Midaxillary/ 
Abdomen 
SBP and 
Subscapular/ 
Suprailiac 
Chest/Abdomen 
Midaxillary/ 
Abdomen 
Subscapular/ 
Abdomen 
Chest/ 
Suprailiac 
Midaxillary/ 
Suprailiac 
Abdomen/ 
Suprailiac 
Chest/ 
Midaxillary 
Chest/ 
Subscapular 
Whites 
(n = 262) 
0.01 
n.s. 
- 0.16 
(p < 0.01) 
- 0.14 
(p < 0.05) 
0.01 
n.s. 
0.21 
(p < 0.005) 
0.14 
(p < 0.05) 
0.18 
(p < 0.005) 
- 0.18 
(p < 0.005) 
0.09 
n.s. 
0.02 
n.s. 
0.17 
(p < 0.01) 
0.12 
(p < 0.05) 
0.29 
(p < 0.001) 
0.28 
(p < 0.001) 
0.28 
(p < 0.001) 
0.20 
(p < 0.005) 
0.33 
(p < 0.001) 
0.34 
(p < 0.001) 
0.13 
n.s. 
0.04 
n.s. 
0.07 
n.s. 
Indians 
(n = 39) 
0.14 
n.s. 
0.05 
n.s. 
0.35 
(p < 0.05) 
- 0.38 
(p < 0.025) 
0.37 
(p < 0.025) 
0.21 
n.s. 
0.25 
n.s. 
- 0.31 
n.s. 
0.08 
n.s. 
- 0.15 
n.s. 
0.15 
n.s. 
0.09 
n.s. 
0.31 
n.s. 
0.29 
n.s. 
- 0.01 
n.s. 
- 0.01 
n.s. 
0.54 
(p < 0.001) 
0.27 
n.s. 
0.39 
(p < 0.025) 
0.43 
(p < 0.01) 
0.24 
n.s. 
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Pakistanis Heterogen. 
(n = 100) between r's 
0.27 n.s. 
(p < 0.01) 
- 0.10 n.s. 
n.s. 
0.06 9.50 
n.s. (p < 0.01) 
- 0.14 6.18 
n.s. (p < 0.05) 
0.24 
(p < 0.025) 
0.22 
(p < 0.05) 
0. 35 
(p < 0.001) 
- 0.09 
n.s. 
0.22 
(p < 0.05) 
0.21 
(p < 0.05) 
0.24 
(p < 0.025) 
0.09 
n.s. 
0.19 
n.s. 
0.39 
(p < 0.001) 
0.38 
(p < 0.001) 
0.24 
(p < 0.05) 
0.30 
(p < 0.005) 
0.30 
(p '< 0.005) 
- 0.06 
n.s. 
0.03 
n.s. 
0.21 
(p < 0.05) 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
continued 
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I [ 
I 
I I 
DBP and 
subscapular/ 0.21 0.21 0.20 n.s. 
suprailiac (p < 0.001) n.s. n . s. 
Chest/Abdomen 0.22 0.38 0.40 n.s. 
(p < 0.001) (p <0 . 025) (p < 0.001) 
Midaxillary/ 0.25 0.15 0.35 n.s. 
Abdomen (p < 0.001) n.s. (p < 0.001) 
Subscapular/ 0.13 0.03 0.20 n.s. 
Abdomen (p < 0.05) n.s. {p < 0.05) 
Chest/ 0.27 0.50 0.35 n.s. 
suprailiac {p < 0.001) (p < 0.005) (p < 0.001) 
Midaxillary/ 0.31 0.34 0.32 n.s. 
Suprailiac (p < 0.001) (p < 0.05) (p < 0.005) 
Chest/ 0.09 0 . 35 0.07 n.s. 
Midaxillary n.s. (p < 0.05) n.s. 
Chest/ 0.09 0.29 0.25 n.s. 
Subscapular n.s. n.s. (p < 0.025) 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
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TABLE 6.10: CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH EXTREMITY SKINFOLD 
RATIOS IN THE THREE ETHNIC GROUPS. 
Correlates 
FBG and 
Triceps/Forearm 
Anterior thigh 
/Medial calf 
Triceps/ 
Anterior thigh 
Forearm/ 
Medial calf 
Cholesterol and 
Triceps/Forearm 
Triceps/ 
Anterior thigh 
SBP and 
Anterior thigh 
/Medial calf 
Triceps/ 
Anterior thigh 
Triceps/Forearm 
DBP and 
Triceps/ 
Anterior thigh 
Whites 
(n = 262) 
0.15 
(p < 0.025) 
- 0.13 
(p < 0.05) 
0.16 
(p < 0.01) 
- 0.23 
(p < 0.001) 
0.05 
n.s. 
0.00 
n.s. 
- 0.13 
(p < 0.05) 
0.18 
(p < 0.005) 
0.14 
(p < 0.05) 
0.12 
(p < 0.05) 
Indians 
(n = 39) 
- 0.14 
n.s. 
- 0.13 
n.s. 
0.03 
n.s. 
- 0.03 
n.s. 
- 0.03 
n.s 
- 0.03 
n.s. 
- 0.11 
n.s. 
0.22 
n.s. 
0.07 
n.s. 
- 0.02 
n.s. 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
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Pakistanis 
(n = 100) 
- 0.06 
n.s. 
0.04 
n.s. 
0.06 
n.s. 
- 0.06 
n.s. 
0.38 
(p < 0.001) 
0.24 
(p < 0.025) 
0.06 
n.s. 
- 0.13 
(p < 0.05) 
0.10 
n.s. 
0.10 
n.s. 
Heterogen. 
between r's 
n.s. 
n.s. 
n.s. 
n.s. 
9.72 
(p < 0.01) 
n.s. 
n.s. 
7.37 
(p < 0.05) 
n.s. 
n.s. 
TABLE 6.11: CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH TRUNCAL-UPPER EXTREMITY 
SKINFOLD RATIOS IN THE THREE ETHNIC GROUPS. 
correlates Whites Indians Pakistanis Heterogen. (n = 262) (n = 39) (n = 100) between r's 
FBG and 
Chest/Forearm 0.14 0.15 0.16 n.s. (p < 0.025) n.s. n.s. 
Midaxillary/ 0.22 0.14 0.19 n.s. Forearm (p < 0.001) n.s. n.s. 
Subscapular/ 0.22 - 0.11 0.17 n.s. Forearm (p < 0.001) n.s. n.s. 
Suprailiac/ 0.25 - 0.08 0.18 n.s. Forearm (p < 0.001) n.s. n.s. 
Abdomen/Forearm 0.22 0.05 0.09 n.s. (p < 0.001) n.s. n.s. 
Chest/Triceps 0.02 0.23 0.32 7.22 
n.s. n.s. (p < 0.005) (p < 0.05) Midaxillary/ 0.11 0.26 0.32 n.s. Triceps n.s. n.s. (p < 0.005) 
Subscapular/ 0.12 - 0.04 0.32 n.s. Triceps n.s. n.s. (p < 0.005) 
Suprailiac/ 0.13 0.05 0.27 n.s. Triceps (p < 0.05) n.s. (p < 0.01) 
Abdomen/Triceps 0.10 0.14 0.20 n.s. 
n.s. n.s. (p < 0.05) 
Cholesterol and 
Chest/Triceps 0.30 0.27 0.12 n.s. (p < 0.001) n.s. n.s. 
Chest/Forearm 0.30 0.25 0.36 n.s. (p < 0.001) n.s. (p < 0.001) 
Midaxillary/ 0.26 0.25 0.02 n.s. Triceps (p < 0.001) n.s. n.s. 
Midaxillary/ 0.27 0.20 0.30 n.s. Forearm (p < 0.001) n.s. (p < 0.005) Subscapular/ 0.18 0.00 
- 0.03 n.s. Triceps (p < 0.005) n.s. n.s. 
Subscapular/ 0.17 - 0.01 0.32 n.s. Forearm (p < 0.01) n.s. (p < 0.005) Suprailiac/ 0.17 0.12 - 0.18 8.73 Triceps (p < 0.01) n.s. n.s. (p < 0.025) Suprailiac/ 0.20 0.08 0 .2 4 n.s. Forearm (p < 0.005) n.s. (p < 0.025) Abdomen/Forearm 0.22 0.15 0.34 n.s. (p < 0.005) n.s. (p < 0.001) Abdomen/Triceps 0.21 0.16 
- 0.04 n.s. (p < 0.005) n.s n.s. 
continued 
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SBP and 
Chest/Triceps 0.22 0.27 0.35 n.s. (p < 0.001) n.s. (p < 0.001) 
Chest/Forearm 0.31 0.32 0.34 n.s. (p < 0.001) {p < 0.05) (p < 0 . 005) 
Midaxillary/ 0.19 0.09 0.29 n.s. 
Triceps (p < 0.005) n.s. {p < 0.005) 
Midaxillary/ 0.28 0.15 0.32 n.s. 
Forearm (p < 0.001) n.s. (p < 0.005) 
subscapular/ 0.19 0 .11 0 . 25 n.s. 
Triceps (p < 0.005) n.s. (p < 0.025) 
Subscapular/ 0.26 0.17 0.30 n.s. 
Forearm (p < 0.001) n.s. (p < 0.005) 
Abdomen/Forearm 0.15 0.16 0.17 n.s. {p < 0.025) n.s. n.s. 
Suprailiac/ 0.09 - 0.06 0.20 n.s. 
Forearm n.s. n.s. {p < 0.05) 
DBP and 
Chest/Forearm 0.17 0.32 0.42 n.s. (p < 0.01) (p < 0.05) (p < 0.001) 
Midaxillary/ 0.17 0.19 0.40 n.s. 
Forearm (p < 0.01) n.s. (p < 0.001) 
Suprailiac/ - 0.13 - 0.02 0.13 n.s. 
Triceps (p < 0.05) n.s. n.s. 
Chest/Triceps 0.11 0.34 0.40 7.82 
n.s. (p < 0.05) (p < 0.001) (p < 0.025) Midaxillary/ 0.10 0.23 0.32 n.s. 
Triceps n.s. n.s. (p < 0.005)_ 
Subscapular/ 0.05 0.15 0.28 n.s. 
Triceps n.s. n.s. (p < 0.01) 
Subscapular/ 0.11 0.13 0.38 n.s. Forearm. n.s. n.s. (p < 0.001) 
Suprailiac/ - 0.01 - 0.05 0.29 7.43 Forearm n.s. n.s (p < 0.005) (p < 0.025) Abdomen/Forearm 0.05 0.11 0.28 n.s. 
n.s. n.s. (p < 0.01) 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
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TABLE 6.12: CORRELATION COEFFICIENTS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH TRUNCAL-LOWER EXTREMITY 
SKINFOLD RATIOS IN THE THREE ETHNIC GROUPS. 
correlates Whites Indians Pakistanis Heterogen. (n = 262) (n = 39) (n = 100) between r's 
FBG and 
Midaxillary/ 0.09 0.23 0.21 n.s. 
Anterior thigh n.s. n.s. (p < 0.05) 
Suprailiac/ 0.13 - 0.01 0.17 n.s. 
Anterior thigh (p < 0.05) n.s. n.s. 
Cholesterol and 
Abdomen/ 0.22 0.06 0.18 n.s. 
Medial calf (p < 0.001) n.s. n.s. 
Abdomen/ 0.24 0.00 0.20 n.s. 
Anterior thigh (p < 0.001) n.s. (p < 0.05) 
supra i l iac/ 0.22 - 0.06 0.08 n.s. 
Anterior thigh (p < 0.001) n.s. n.s. 
Suprailiac/ 0.19 0.02 0.09 n.s. 
Media l ca l f (p < 0.005) n.s. n.s. 
Subscapular/ 0.19 - 0.16 0.19 n.s. 
Anterior thigh (p < 0.005) n.s. n.s. 
Midaxillary/ 0.26 0.15 0.19 n.s. 
Medial calf (p < 0.001) n.s. n.s. 
Midaxillary/ 0.28 0.06 0.20 n.s. 
Anterior thigh (p < 0.001) n.s. (p < 0.05) 
Chest/ 0.30 0.12 0.28 n.s. 
Anterior thigh (p < 0.001) n.s. (p < 0.005) 
Chest/ 0.29 0.19 0.29 n.s. 
Medial calf (p < 0.001) n.s. (p < 0.005) . 
Subscapular/ 0.19 - 0.09 0.20 n.s. 
Medial calf (p < 0.005) n.s. (p < 0.05) 
SBP and . 
Abdomen/ 0.20 0.35 0.04 n.s. 
Anterior thigh (p < 0.001) (p < 0.05) n.s. 
Suprailiac/ 0.14 0.08 0.10 n.s. 
Anterior thigh (p < 0.05) n.s. n.s. 
Subscapular/ 0.19 0.20 0.23 n.s. 
Medial calf (p < 0.005) n.s. (p < 0.05) 
Subscapular/ -0. 33 0.34 0.18 n.s. 
Anterior thigh (p < 0.001) (p < 0.05) n.s. 
Midaxillary/ 0.20 0.22 0.25 n.s. 
Medial calf (p < 0.005) n.s. (p < 0.025) 
Midaxillary/ 0.33 0.33 0.24 n.s. 
Anterior thigh (p < 0.001) (p < 0.05) (p < 0.025) 
Chest/ 0.36 0.49 0.27 n.s. 
Anterior thigh (p < 0.001) (p < 0.005) (p < 0.01) 
Chest/ 0.22 0.36 0.30 n.s. 
Medial calf (p < 0.001) (p < 0.05) (p < 0 . 005) 
continued 
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\I 
DBP and 
Subscapular/ 0.17 0.15 
Anterior thigh (p < 0.01) n.s. 
Midaxillary/ 0.21 0.24 
Anterior thigh (p < 0.005) n.s. 
Chest/ 0.21 0.37 · 
Anterior thigh (p < 0.001) (p < 0.025) 
Chest/ 0.11 0.35 
Medial calf n.s. (p < 0.05) 
Suprailiac/ 0.02 - 0.03 
Anterior thigh n.s. n.s. 
Subscapular/ 0.07 0.15 
Medial calf n.s. n.s. 
Midaxillary/ 0.12 0.26 
Medial calf n.s. n.s. 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
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0.33 n.s. 
(p < 0.005) 
0.37 n.s. 
(p < 0.001) 
0.42 n.s. 
(p < 0.001) 
0.37 6.15 
(p < 0.001) (p < 0.05) 
0.24 n.s. 
(p < 0.025) 
0.28 n . s . 
(p < 0.005) 
0.30 n.s. 
(p < 0.005) 
TABLE 6.13 : PARTIAL CORRELATIONS AFTER REMOVING THE AGE EFFECT 
IN THE THREE ETHNIC GROUPS. 
correlates White s Indians Pakistanis Heterogen. (n = 262) (n = 39) (n = 100) between 
p.r's 
Weight and 0.14 0.23 0.40 n.s. 
DBP (p < 0.025) n.s. (p < 0.0001) 
FBG and - 0.03 0.36 0.09 n.s. Cholesterol n.s. (p < 0.05) n . s . 
SBP - 0.01 - 0.05 0.28 6.67 
n.s. n.s. (p < 0.01) (p < 0.05) Chest/ - 0.13 0.30 0.04 7.00 
subscapular (p < 0.05) n.s. n.s. (p < 0.05) Subscapular/ 0.00 - 0.34 - 0.13 n.s. 
Midaxillary n.s. (p < 0.05) n.s. 
Chest/Triceps 0.0 5 0.17 0.32 n.s. 
n.s. n.s. (p < 0.002 5 ) 
Cholesterol and 0.02 o.oo 0.36 9.18 Triceps skinfold n.s. n.s. (p < 0.000 5 ) (p < 0.025) Triceps/Forearm 0.05 - 0.03 0.37 9.18 
n.s. n.s. (p < 0.0005) (p < 0.025) Suprailiac/ 0.17 0.12 - 0.20 9.72 Triceps (p < 0.01) n.s. n.s. (p < 0.001) 
SBP and 0.54 0.72 0.66 n.s. DBP (p < 0.0001) (p < 0.0001) (p < 0.0001) 
Abdomen 0.22 0.42 0.34 n.s. 
circumference (p < 0.0005) (p < 0.01) (p < 0.001) 
Anterior thigh 0.05 - 0.02 0.31 n.s. 
skinfold n.s. n.s. (p < 0.0025) 
Waist/Abdomen 0.00 - 0.28 - 0.10 n.s . 
n.s. n.s. n.s. 
Abdomen/Hip 0.13 0.24 0.29 n.s. 
n.s. n.s. (p < 0.005) 
Triceps/ 0 .16 0.30 - 0.07 n.s. Anterior thigh (p < 0.01) n.s. n.s. 
DBP and 0.17 0.36 0 .3 9 n.s. Abdomen (p < 0.01) (p < 0.05) (p < 0.0005) 
circumference 
Waist 0.17 0 .2 8 0.39 n.s. 
circumference (p < 0.01) n.s. (p < 0 .0005) Chest 0.11 0.18 0.39 6.62 
circumference n.s. n.s. (p < 0.0005) (p < 0.05) Suprailiac 0.12 0.04 0.37 6.79 
skinfold n.s. n.s. (p < 0.0005) (p < 0.05) 
continued 
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DBP and 
waist/Abdomen 0.00 - 0.38 
n.s. (p < 0.025) 
Chest/Hip - 0.02 - 0.13 
n.s. n.s. 
Abdomen/Hip 0.15 0.35 
(p < 0.025) (p < 0.05) 
Chest/Triceps - 0.11 0.17 
n.s. n.s. 
Suprailiac/ - 0.03 - 0.08 
Forearm n.s. n.s. 
Chest/ - 0.01 0.22 
Medial calf n.s. n.s. 
p values are given in parentheses 
n.s. not significant 
FBG Fasting blood glucose 
SBP Systolic blood pressure 
DBP Diastolic blood pressure. 
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- 0.13 n.s. 
n.s. 
0.19 n.s. 
n.s. 
0.34 n.s. 
(p < 0.001) 
0.28 12.11 
(p < 0.01) (p < 0.001) 
0.26 6.65 
(p < 0.01) (p < 0.05) 
0.23 n.s. 
(p < 0.025) 
CHAPTER 7 
RELATIONSHIP BETWEEN GENERALISED ADIPOSITY AND FASTING 
BLOOD GLUCOSE, TOTAL CHOLESTEROL AND SYSTOLIC BLOOD 
PRESSURE IN THE THREE ETHNIC GROUPS 
7.1 INTRODUCTION 
The previous chapter showed that there were no significant differences in the 
interrelationships of most of the anthropometric and metabolic variables and indices 
between the ethnic groups. This chapter focussed on generalised ( overall) adiposity. It 
investigates the relationship between generalised adiposity measured as body mass index 
(BMI) and two metabolic variables, fasting blood glucose and total cholesterol, and systolic 
blood pressure in the ethnic groups. It also examines whether the mean BMI values are 
significantly different in the three ethnic groups after controlling for the effects of various 
anthropometric and metabolic variables and systolic blood pressure. 
7.2 DISTRIBUTION OF INDIVIDUALS INTO BODY MASS INDEX 
CATEGORIES 
Classification of the subjects into different grades of obesi_ty was based on 
BMI categories recommended by Garrow (1988) and is presented in Table 7.1. The 
categories were Grade O (BMI < 25), Grade 1 (25::; BMI < 30), Grade 2 (30::; BMI < 40) 
and Grade 3 (BMI ~ 40). In these terms, Grade O obesity (BMI < 25) is normal, i.e., not 
obese, while Grade 1 obesity (25 ::; BMI < 30) is moderately overweight but not obese. 
Individuals belonging to Grade O or Grade 1 obesity are therefore not considered obese. 
Individuals belonging to Grade 2 obesity (30 ::; BMI < 40) are considered severely 
overweight/obese whil~ those in Grade 3 obesity (BMI ~ 40) are morbidly obese. 
Therefore, according to Garrow (1988) only individuals belonging to Grade 2 or Grade 3 
obesity are obese. Thus, more appropriately, the lower grades of obesity (Grade O and 
Grade 1) refer to relative fatness and not obesity. No significant differences were observed 
in the distribution of individuals in different grades of obesity between the ethnic groups. 
However, in general, more Asian men belonged to Grade O obesity while there were more 
White men in Grade 1 obesity. 
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7.3 THE EFFECT OF GENERALISED ADIPOSITY ON METABOLIC 
VARIABLES AND SYSTOLIC BLOOD PRESSURE 
The objective was to examine the effect of generalised adiposity (BMI) on 
the metabolic variables and systolic blood pressure in the three ethnic groups. Stepwise 
multiple regression analyses were run which removed the linear and quadratic effects of 
age before testing the impact of generalised adiposity on the metabolic variables and 
systolic blood pressure. The analyses were repeated for each ethnic group and the results 
are presented in Table 7.2. Since the sample size of the White only group is much larger 
than the other two groups, the partial correlations (after removing age and age 2 ) were also 
computed and the heterogeneity between partial correlations was determined in the usual 
way (Sokal and Rohlf, 1986). 
The results (Table 7.2) suggest that although generalised adiposity had a 
significant effect on fasting blood glucose in Whites and Pakistanis, on cholesterol in 
Pakistanis, and on systolic blood pressure in all the ethnic groups, no significant 
heterogeneity in partial correlation coefficients was observed between the three groups. 
Thus, the association of generalised adiposity with the metabolic variables and systolic 
blood pressure is not significantly different between the ethnic groups. 
However, although the heterogeneity of partial correlations were not 
significant, which indicates similarity in the associations of BMI with fasting blood glucose, 
total cholesterol and systolic pressure, this could indicate either of the two hypotheses 
mentioned in the previous chapter (see section 6.2). To test these two hypotheses, multiple 
regression analyses were run which tested for heterogeneity. The results are presented in 
Table 7.3. They show that for fasting blood glucose, hypothesis (a) is correct, i.e., no 
significant difference in b values, whereas for cholesterol and systolic blood pressure, 
hypothesis (b) is true. It would thus appear if one wanted to predict cholesterol levels of the 
three ethnic groups, then for any given age and BMI, White men have significantly higher 
mean cholesterol than Asian men (Table 7.3). Similarly, for systolic blood pressure, Indians 
have significantly higher and Pakistanis lower means compared with Whites, for a given age 
and body mass index. -
7.4 THE RELATIONSHIP OF CIRCUMFERENCES, SKINFOLDS AND 
METABOLIC VARIABLES AND SYSTOLIC BLOOD PRESSURE 
WITH GENERALISED ADIPOSITY 
In the present investigation no significant difference was observed in mean 
body mass index ( age and age 2 corrected) between the three ethnic groups. Multiple 
regression analyses of body mass index were therefore undertaken to determine whether 
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the mean values of BMI differed significantly (Whites were set to zero) between the three 
ethnic groups after removing the effects of age, age 2 and the following: 
1) visceral (circumferences) adiposity 
2) upper body (subscapular, midaxillary and chest skinfolds) subcutaneous 
adiposity 
3) central body (subscapular and abdomen skinfolds) subcutaneous adiposity 
4) extremity (triceps, forearm, medial calf and anterior thigh skinfolds) 
subcutaneous adiposity 
5) two metabolic variables, fasting blood glucose and total cholesterol, and 
systolic blood pressure. 
The results of the multiple regression analyses (Table 7.4) show that no 
significant differences in mean BMI (loglO transformed) were observed after removing the 
effects of circumferences (visceral adiposity) and extremity subcutaneous adiposity 
between the ethnic groups. However, Indian and Pakistani men had significantly lower 
mean BMI compared with White men (Table 7.4) after removing the effects of upper body 
subcutaneous adiposity and central body subcutaneous adiposity. Indians and Pakistanis 
also had significantly lower mean BMI compared with Whites (Table 7.4) after removing 
the effects of the two metabolic variables, fasting blood glucose and cholesterol, and 
systolic blood pressure. 
7.5 SUMMARY OF RESULTS 
The important results of this chapter are summarised below. 
1) No significant differences were observed in the distribution of individuals in 
different grades of obesity between the ethnic groups. 
2) The distributions (age and BMI controlled) of total cholesterol and systolic blood 
pressure were significantly different in Asian men compared with White men. 
3) Body mass index was significantly positively associated with systolic blood pressure 
(after controlling for age and age 2 ) in all the ethnic groups. No significant 
heterogeneity was observed in the effect of BMI on fasting blood glucose, 
cholesterol and systolic blood pressure between the three ethnic groups. 
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4) Indian and Pakistani men had significantly lower mean body mass index after 
removing the effects of age, age 2 and the following: 
a) upper body subcutaneous adiposity 
b) central body subcutaneous adiposity 
c) fasting blood glucose, total cholesterol and systolic blood pressure. 
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TABLE 7.1: CLASSIFICATION OF INDIVIDUALS INTO DIFFERENT GRADES 
OF OBESITY BASED ON BODY MASS INDEX (BMI) CATEGORIES 
RECOMMENDED BY GARROW (1988). 
Obesity BMI Whites Indians Pakistanis 
Grade Value (n = 262) (n = 39) (n = 100) 
Grade 0 BMI < 25 111 24 49 
(42.4) ( 61. 5) (49.0) 
Grade 1 25 s BMI < 30 124 12 40 
(47.3) (30.8) (40.0) 
Grade 2 30 s BMI < 40 26 3 11 
(9.9) ( 7. 7 ). ( 11. 0) 
Grade 3 BMI > 40 1 
(0.4) 
perce ntage s are give n i n pa r e nthe ses. 
TABLE 7.2: THE EFFECT OF BODY MASS INDEX (AFTER CONTROLLING FOR 
AGE AND AGE 2 ) ON METABOLIC VARIABLES AND SYSTOLIC 
BLOOD PRESSURE IN THE THREE ETHNIC GROUPS. 
Variable Whites Indians Pakistanis 
B p.r B 
FBG 1. 662 0.19 0.533 
(p < 0.00-25) 
Chol. 1.087 0.06 2.688 
n.s. 
SBP 0.077 0.24 0.139 
(p < 0.005) (p < 
FBG Fasting blood glucose 
Chol Total cholesterol 
SBP Systolic blood pressure 
p.r B 
0.07 2.219 
n.s. (p < 
0.19 3.134 
n.s. (p < 
0.47 0.087 
0.005) (p < 
Significant t values are given in parentheses 
n.s. not significant. 
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p.r 
0.30 
0.005) 
0.23 
0.025) 
0.34 
0.001) 
Heterogen. 
betw. p.r's 
n.s. 
n.s. 
n.s. 
TABLE 7.3 : ETHNIC DIFFERENCES IN THE METABOLIC VARIABLES AND 
SYSTOLIC BLOOD PRESSURE (WHITES SET TO ZERO) 
AFTER CONTROLLING FOR THE LINEAR AND QUADRATIC 
EFFECTS OF AGE AND BODY MASS INDEX. 
variable Sig. F Indians Pakistanis 
Change B Sig. T B Sig. T 
FBG n.s. 0.089 n.s. 0.080 n.s. 
Chol. 
SBP 
n.s. 
FBG 
Chol 
SBP 
p < 0.0025 - 0.517 
p < 0.001 0.009 
not significant 
Fasting blood glucose 
Total cholesterol 
Systolic blood pressure. 
p < 0.005 - 0.365 p < 0.005 
p < 0.0025 - 0.003 n.s. 
TABLE 7.4: DIFFERENCES IN MEAN BODY MASS INDEX (LOG TRANSFORMED) 
IN THE THREE ETHNIC GROUPS (WHITES SET TO ZERO) AFTER 
CONTROLLING FOR AGE, AGE 2 AND OTHER ANTHROPOMETRIC 
AND METABOLIC VARIABLES AND SYSTOLIC BLOOD PRESSURE. 
Variables 
controlled for 
Indians 
G.Mean S.E 
Chest, Waist, 1.007 
Hip and Abdomen 
circumferences 
Upper body (Chest, -1.114 
Midaxillary and 
Subscapular) 
skinfolds 
central body -1.119 
(Abdomen and 
Suprailiac) 
skinfolds 
Extremity (Triceps, -1.035 
Forearm, Anterior 
thigh and Medial 
calf) skinfolds 
Fasting blood -1.067 
glucose, cholesterol 
and systolic blood 
pressure 
n.s. not significant. 
G.Mean Geometric mean. 
0.010 
0.010 
0.010 
0.010 
0.010 
Pakistanis 
G.Mean S.E 
Significance 
F change 
-1.001 0.010 n.s. 
-1.041 0.010 p < 0.0001 
-1.086 0.010 p < 0.0001 
1.002 0.010 n.s. 
-1.007 0.010 p < 0 .02 5 
The unit of all geometric means and standard error is kg/m2 . 
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CHAPTER 8 
RELATIONSHIP BETWEEN REGIONAL ADIPOSITY AND FASTING 
BLOOD GLUCOSE, TOTAL CHOLESTEROL AND SYSTOLIC BLOOD 
PRESSURE IN THE THREE ETHNIC GROUPS 
8.1 INTRODUCTION 
The previous chapter elucidated that there was no significant heterogeneity 
in the interrelationships of generalised adiposity and metabolic variables and systolic blood 
pressure between the three ethnic groups. This chapter focuses on regional adiposity. The 
main objective was to investigate the relationship between regional adiposity and two 
metabolic variables, fasting blood glucose and total cholesterol, and systolic blood pressure 
in the ethnic groups. It examines whether the mean values of the metabolic variables and 
systolic blood pressure are significantly different in the three ethnic groups after controlling 
for the effects of various anthropometric and other independent variables. The chapter also 
examines whether the most important predictive variables and indices of the two metabolic 
variables and systolic blood pressure in the White only group can be utilised to predict the 
means of these variables in Indians and Pakistanis. 
8.2 THE EFFECT OF CENTRAL BODY ADIPOSITY ON METABOLIC 
VARIABLES AND SYSTOLIC BLOOD PRESSURE 
The objective was to examine the effect of central body adiposity on the 
metabolic variables and systolic blood pressure in the three ethnic groups. Only those 
central body anthropometric variables and ratios which showed significant correlations 
with the metabolic variables and systolic blood pressure were selected. Suprailiac and 
abdomen skinfolds, abdomen and waist circumferences, and abdomen/hip and waist/hip 
circumference ratios were utilised as measures of central fatness and fat distribution. 
Stepwise multiple regression analyses were run which removed the linear and quadratic 
effects of age, and body mass index (BMI) before testing the impact of various measures of 
central adiposity on the metabolic variables and systolic blood pressure. The analyses were 
repeated for each ethnic group and the results are presented in Tables 8.1-8.2. Since the 
sample size of the White only group is much larger than the other two groups, the partial 
correlations ( after removing age, age 2 and BMI) were also computed and the 
heterogeneity between partial correlations was determined in the usual way (Sokal and 
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Rohlf, 1986). 
The results (Tables 8.1-8.2) suggest that various measures of central adiposity 
had significant effect on fasting blood glucose and cholesterol in White men but not in 
Indian and Pakistani men. Moreover, the partial correlation of abdomen skinfold and 
fasting blood glucose showed significant heterogeneity (t = 6.11, p < 0.05) between the 
ethnic groups. In White men, there was a very significant correlation (p.r = 0.19) whereas in 
Indians (p.r = 0.03) and Pakistanis (p.r = -0.10) there was little correlation between 
abdomen skinfold and fasting blood glucose. When the Indians and Pakistanis were 
combined as a single group of Asians, there was significant heterogeneity in the partial 
correlation coefficients between Asians and Whites in all the measures of central 
subcutaneous adiposity (abdomen skinfold (t = 2.38, p < 0.025), suprailiac skinfold (t = 
2.34, p < 0.025) and the sum of abdomen and suprailiac skinfolds (t = 2.15, p < 0.05)). 
These measures of central subcutaneous adiposity were significantly correlated with fasting 
blood glucose in Whites whereas in Asians they were negatively correlated with fasting 
blood glucose. Thus, partial correlations for Indians and Pakistanis combined as a single 
ethnic group would go a long way to explain the existing variation between Whites and 
Asians. 
8.3 THE EFFECT OF UPPER BODY ADIPOSITY ON METABOLIC 
VARIABLES AND SYSTOLIC BLOOD PRESSURE 
The objective was to examine the effect of upper body adiposity on the 
metabolic variables and systolic blood pressure in the three ethnic groups. Multiple 
regression analyses and testing of heterogeneity between partial correlation coefficients 
were carried out as previously mentioned. Only those upper body anthropometric variables 
and ratios which showed significant correlations with the metabolic variables and systolic 
blood pressure were selected. The following measures of upper body fatness and fat 
distribution were utilised: subscapular, midaxillary and chest skinfolds; chest 
circumference, nme skinfold ratios (subscapular/ suprailiac, chest/abdomen, 
midaxillary / abdomen, suprailiac/ abdomen, chest/ suprailiac, midaxillary / suprailiac, 
chest/midaxillary, chest/subscapular and subscapular/midaxillary); and three 
circumference ratios (chest/hip, chest/abdomen and chest/waist). The results (Tables 8.3-
8.5) suggest that although various measures of upper body· adiposity had significant effect 
on fasting blood glucose, cholesterol and systolic blood pressure in White men but not in 
Indian and Pakistani men, significant heterogeneity of partial correlation coefficients were 
observed only in two cases, i.e., midaxillary/abdomen and chest/midaxillary skinfold ratios 
with systolic blood pressure between the three ethnic groups. The former ratio was 
significantly negatively correlated and the latter ratio very significantly correlated in 
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Indians. Thus, in general there are marked similarities between the three groups in partial 
correlations. When the Indians and Pakistanis were combined as a single group of Asians, 
there was no significant heterogeneity in the partial correlation coefficients between Asians 
and Whites. Thus, partial correlations for all the ethnic groups combined would go a long 
way to explain the existing variation. 
8.4 THE EFFECT OF TOT AL SUBCUTANEOUS AND VISCERAL ADIPOSITY 
ON METABOLIC VARIABLES AND SYSTOLIC BLOOD PRESSURE 
The objective was to examine the effect of total subcutaneous (sum of all 
skinfolds) adiposity and total visceral (sum of all circumferences) adiposity on the 
metabolic variables and systolic blood pressure in the three ethnic groups. Multiple 
regression analyses and testing of heterogeneity between partial correlation coefficients 
were carried out as before and the results (Table 8.6) show that although total 
subcutaneous fat had a significant effect on fasting blood glucose in White men but not in 
Indian and Pakistani men, no significant heterogeneity of partial correlation coefficients 
was observed between the three ethnic groups. When the Indians and Pakistanis were 
combined as a single group (Asians), there was no significant heterogeneity in the partial 
correlation coefficients between Asians and Whites. Total visceral fat ( sum of all 
circumferences) did not have a significant effect ( after controlling for age, age 2 and BMI) 
on the metabolic variables and systolic blood pressure in any ethnic group. 
8.5 THE RELATIONSHIP OF CIRCUMFERENCES, SKINFOLDS · AND OTHER 
INDEPENDENT VARIABLES WITH FASTING BLOOD GLUCOSE, TOTAL 
CHOLESTEROL AND SYSTOLIC BLOOD PRESSURE 
In the present investigation significant differences were observed in mean 
(age and age 2 corrected) cholesterol and systolic blood pressure between the three ethnic 
groups. No significant difference was observed in mean fasting blood glucose (age and age 2 
corrected) between the ethnic groups. Multiple regression analyses of the two metabolic 
variables and systolic blood pressure were therefore undertaken to determine whether the 
mean values of these variables differed significantly (Whites were set to zero) between the 
three ethnic groups after removing the effects of age, age 2 and the following: 
1) visceral (circumferences) adiposity 
2) upper body (subscapular, midaxillary and chest skinfolds) subcutaneous 
adiposity 
3) central body (subscapular and abdomen skinfolds) subcutaneous adiposity 
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4) extremity ( triceps, forearm, medial calf and anterior thigh skinf olds) 
subcutaneous adiposity 
5) other independent variables. 
The results of the regression analyses are presented in Tables 8.7-8.11. The 
mean and standard error values of fasting blood glucose and systolic blood pressure in 
Tables 8.7-8.11 are of cosine transformed (fasting blood glucose) and square root (loglO) 
transformed (systolic blood pressure) distributions. After controlling for the effects of 
circumferences (Table 8.7), Indian and Pakistani men had significantly lower mean values 
of cholesterol while Indians had significantly higher and Pakistanis significantly lower mean 
values of systolic blood pressure than White men. No significant differences were observed 
in mean fasting blood glucose. 
After removing the effects of upper body skinfolds, Indian and Pakistani men 
had significantly lower mean cholesterol values than White men (Table 8.8). Indians and 
Pakistanis had significantly higher and lower mean systolic blood pressure respectively than 
Whites. No significant differences were observed in mean fasting blood glucose. 
After removing the effects of central body skinfolds, Indian and Pakistani 
men had significantly lower mean values of cholesterol than Whites (Table 8.9). Indians 
and Pakistanis had significantly higher and lower mean systolic blood pressure respectively 
than Whites. No significant differences were observed in mean fasting blood glucose. 
After removing the effects of extremity skinfolds, Indian and Pakistani men 
had significantly lower mean cholesterol values (Table 8.10). Indians and Pakistanis had 
significantly higher and lower mean values of systolic blood pressure respectively than 
Whites. No significant differences were observed in mean fasting blood glucose. 
Multiple regression analyses of these three variables were undertaken to 
determine whether these variables differed significantly between the three ethnic groups 
after removing the effects of age, age 2 , BMI (generalised adiposity) and other independent 
variables. The results are presented in Table 8.11. Indian and Pakistani men had 
significantly lower mean cholesterol than White men after removing the effects of fasting 
blood glucose, BMI and systolic blood pressure blood. Indians had significantly higher 
while Pakistanis significantly lower mean systolic blood pressure than Whites respectively 
after removing the effects of fasting blood glucose, cholesterol and BMI. No significant 
differences were observed in mean fasting glucose levels. 
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8.6 THE MOST IMPORTANT PREDICTIVE VARIABLES OF FASTING 
BLOOD GLUCOSE, TOTAL CHOLESTEROL AND SYSTOLIC 
BLOOD PRESSURE IN THE THREE ETHNIC GROUPS 
Stepwise regression analyses of two metabolic variables, fasting blood 
glucose and cholesterol, and systolic blood pressure were undertaken to determine the most 
important predictive variables and indices of the metabolic variables and systolic blood 
pressure in the three ethnic groups. A total of nineteen independent variables were utilised. 
They included age, age 2 , all circumferences and skinfolds; waist/ hip, waist/ abdomen and 
abdomen/ hip circumference ratios; and abdomen/ suprailiac skinfold ratio. The results are 
presented in Tables 8.12-8.14. 
Suprailiac and triceps skinfolds were important variables in predicting fasting 
blood glucose in all the ethnic groups (Tables 8.12). Subscapular skinfold and abdomen/ hip 
circumference ratio were of importance in Indians and Pakistanis, but not in Whites. 
Midaxillary and medial calf skinfolds and waist/ abdomen circumference ratio were 
important factors in Whites and Indians while abdomen skinfold was of importance in 
Whites and Pakistanis. The variables and indices explained the most amount of variance in 
Pakistanis and least in Indians. 
Medial calf skinfold was an important variable in predicting cholesterol in all 
the ethnic groups (Table 8.13). Triceps skinfold and abdomen/ hip circumference ratio were 
important variables in Indians and Pakistanis, but not in Whites. Age, age 2 and abdomen 
skinfold were important factors in Whites and Indians while in Whites and Pakistanis, chest, 
subscapular and forearm skinf olds and abdomen/ suprailiac skinf old · ratio were of 
importance. The variables and indices explained a greater percentage of variance in Indians 
and Pakistanis than in Whites. 
Age, age 2 , abdomen, subscapular, suprailiac, midaxillary, triceps and anterior 
thigh skinfolds; and abdomen/ suprailiac skinfold ratio were important variables in 
predicting systolic blood pressure in all the ethnic groups (Tables 8.14 ). In Whites and 
Indians, chest skinfold and hip circumference were of importance. The variables and 
indices explained much more of the variance in Indians than in Whites or Pakistanis. 
8.7 PREDICTION OF THE METABOLIC VARIABLES AND SYSTOLIC 
BLOOD PRESSURE IN INDIANS AND PAKISTANIS UTILISING 
WHITES AS A TEMPLATE GROUP 
The objective was to determine whether the most important predictive 
variables and indices of the metabolic variables and systolic blood pressure in the White 
only group can be utilised to predict the means of the variables in Indians and Pakistanis. 
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Predicted means of these variables in Indian and Pakistani men were computed utilising the 
regression equations of the three variables for White men. The predicted means thus 
computed were tested for differences with the actual means in Indians and Pakistanis. The 
predicted means of fasting blood glucose, total cholesterol and systolic blood pressure in 
Indians and Pakistanis (using the regression equation for White only group) were 
significantly different from the actual means in these two groups. On the other hand, when 
predicted means were computed separately for Indians and Pakistanis using their own 
regression equations, no significant differences were observed between the predicted 
means and actual means in these two groups. Thus, the anthropometric variables and 
indices used in predicting fasting blood glucose, total cholesterol and systolic blood pressure 
in White only group cannot be utilised to predict the means of the metabolic variables in 
Indian and Pakistani men. 
8.8 SUMMARY OF RESULTS 
The important results of this chapter are summarised below. 
8.8.1 The Effect of Regional Adiposity 
1) All the measures of central subcutaneous adiposity ( abdomen skinfold, suprailiac 
skinfold and the sum of abdomen and suprailiac skinfolds) had significant effect 
(after controlling for age, age 2 and BMI) on fasting blood glucose in White men but 
not in Indian and Pakistani men. Significant heterogeneity was observed in the 
partial correlation coefficients of these measures with fasting blood glucose between 
Whites and Asians. 
2) Although various measures of central body adiposity had significant effect on 
cholesterol in White men but not in Indian and Pakistani men, no significant 
heterogeneity in partial correlation coefficients was observed between the ethnic 
groups. 
3) Although various measures of upper body adiposity had significant effect on fasting 
blood glucose, cholesterol and systolic blood pressure in White men but not in 
Indian and Pakistani men, no significant heterogeneity in partial correlation 
coefficients was observed between the ethnic groups except for midaxillary / 
abdomen and chest/midaxillary skinfold ratios and systolic blood pressure. 
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8.8.2 The Relationship of Circumferences, Skinfolds and Other Independent Variables 
with Fasting Blood Glucose, Total Cholesterol and Systolic Blood Pressure 
1) No significant differences were observed in fasting blood glucose levels between the 
three ethnic groups after controlling for any of the effects. Indian and Pakistani men 
had significantly lower mean cholesterol than White men after controlling for the 
effects of circumferences; upper body skinfolds; central body skinfolds and 
extremity skinfolds. 
2) Indian and Pakistani men had significantly higher and lower mean systolic blood 
pressure respectively than White men, after removing the effects of circumferences; 
upper body skinfolds; central body skinf olds and extremity skinfolds. 
3) Indian and Pakistani men had significantly lower mean cholesterol than White men, 
after removing the effects of fasting blood glucose, BMI and systolic blood pressure. 
They also had significantly higher and lower mean systolic blood pressure than 
Whites respectively, after removing the effects of fasting blood glucose, cholesterol 
and body mass index. 
8.8.3 The Most Important Predictive Variables of Fasting Blood Glucose, Total 
Cholesterol and Systolic Blood Pressure 
1) Suprailiac and triceps skinfolds were important variables in predicting fasting blood 
glucose in all the ethnic groups. The variables and indices explained the most 
amount of variance in Pakistanis and least in Indians. 
2) Medial calf skinfold was an important variable in predicting cholesterol in all the 
ethnic groups. The variables and indices explained a greater percentage of variance 
in Indians and Pakistanis than in Whites. 
3) Age, age 2 , abdomen, subscapular, suprailiac, midaxillary, triceps and anterior thigh 
skinfolds; and abdomen/ suprailiac skinfold ratio were important variables in 
predicting systolic blood pressure in all the ethnic groups~ The variables and indices 
explained much more of the variance in Indians than in Whites or Pakistanis. 
4) The anthropometric variables and indices used in predicting fasting blood glucose, 
total cholesterol and systolic blood pressure in White only group cannot be utilised 
to predict the means of these variables in Indian and Pakistani men. 
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TABLE 8.1: THE EFFECT OF CENTRAL ADIPOSITY (AFTER CONTROLLING 
FOR AGE, AGE 2 AND BODY MASS INDEX) ON FASTING BLOOD 
GLUCOSE IN THE THREE ETHNIC GROUPS. 
variable Whites Indians Pakistanis 
B p.r B p.r B p.r 
Abdom. 0.013 0.19 0.002 0.03 -0.009 -0.10 
(s) (p < 0.0025) n.s. n.s. 
Supra. 0.018 0.20 -0.002 -0.03 0.006 0.07 
(s) (p < 0.0025) n.s. n.s. 
Abdom. 0.010 0.22 0.001 0.01 -0.001 -0.01 
+ Supra. (p < 0.001) n.s. n.s. 
(s) 
Waist 2.800 0.12 0.710 0.03 -0.233 -0.01 
(c) (p < 0.05) n.s. n.s. 
Waist/ 2.021 0.18 2.387 0.17 0.315 0.02 
Hip (c) (p < 0.005) n.s. n.s. 
n.s. not significant. 
Significant t values are given in parentheses. 
(s) skinfold. 
(c) circumference. 
Heterogen . 
bet. p.r's 
6.11 
(p < 0.05) 
n.s. 
n.s. 
n.s. 
n.s. 
TABLE 8.2: THE EFFECT OF CENTRAL ADIPOSITY (AFTER CONTROLLING 
FOR AGE, AGE 2 AND BODY MASS INDEX) ON CHOLESTEROL 
IN THE THREE ETHNIC GROUPS. 
Variable Whites Indians Pakistanis 
B p.r B p.r B 
Abdom. 0.029 0.18 0.012 0.10 0.027 
(s) (p < 0.005) n.s. n.s. 
Supra. 0.036 0.18 0.020 0.14 0.002 
(s) (p < 0 .-005) n.s. n.s. 
Abdom. 0.020 0.20 0.009 0.13 0.009 
+ Supra . (p < 0.0025) n.s. n.s. 
(s) 
Abdom. 4.060 0.14 8.212 0.36 2.169 
/Hip ( C) (p < 0.05) (p < 0.05) n.s. 
n.s. not significant. 
Significant t values are given in parentheses. 
(s) skinfold. 
(c) circumference. 
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p.r 
0.16 
0.01 
0.09 
0.08 
Heterogen. 
bet. p.r's 
n.s. 
n.s. 
n.s. 
n.s. 
TABLE 8.3 : THE EFFECT OF UPPER BODY ADIPOSITY (AFTER CONTROLLING 
FOR AGE, AGE 2 AND BODY MASS INDEX) ON FASTING BLOOD 
GLUCOSE IN THE THREE ETHNIC GROUPS. 
variable Whites Indians Pakistanis 
B p.r B p.r B p.r 
Midax. 0.014 0.14 0.019 0.18 -0.003 -0.03 (s) (p < 0.025) n.s. n.s. 
Chest/ -0.809 -0.15 0.359 0.06 -0.016 0.00 
Abdom. (p < 0.025) n.s. n.s. (s) 
Chest/ -0.648 -0.14 0.838 0.15 -0.499 -0.09 
Supra. (p < 0.05) n.s. n.s. (s) 
Chest/ -1.002 -0.15 -0.012 0.00 -1.008 -0.14 
Midax. (p < 0.005) n.s. n.s. (s) 
Chest/ -1.886 -0.15 -2.455 -0.14 1.296 0.09 
Waist (p < 0.025) n.s. n.s. (c) 
Subsca. -0.050 -0.01 -1.664 -0.33 -0.446 -0.08 
/Midax. n.s. (p < 0.05) n.s. (s) 
n.s. not significant. 
Significant t values are given in parentheses. (s) skinfold. 
(c) circumference. 
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Heterogen. 
bet. p.r's 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
TABLE 8.4: THE EFFECT OF UPPER BODY ADIPOSITY (AFTER CONTROLLING 
FOR AGE, AGE 2 AND BODY MASS INDEX) ON CHOLESTEROL IN 
THE THREE ETHNIC GROUPS. 
variable 
Midax. 
(s) 
Chest 
(s) 
Whites 
B p.r 
0.037 0.17 
(p < 0.01) 
0.033 0.16 
(p < 0.01) 
Indians Pakistanis 
B p.r B p.r 
0.002 0.01 -0.001 -0.01 
n.s. n.s. 
0.013 0.08 0.007 0.03 
n.s. n.s. 
Heterogen. 
bet. p.r's 
n.s. 
n.s. 
Subscap. -1.546 -0.13 -2.443 -0.30 -0.994 -0.08 n.s. 
/Abdorn. (p < 0.05) n.s. n.s. 
(s) 
Chest/ 
Subscap. 
(s) 
1.883 0.16 
(p < 0.01) 
Subscap. -1.805 -0.15 
/Midax. (p < 0.025) 
(s) 
Subscap. -0.102 -0.12 
/Supra. n.s. 
(s) 
n.s. not significant. 
2.338 0.29 
n.s. 
-1.940 -0.22 
n.s. 
-2.978 -0.34 
(p < 0.05) 
1.228 0.10 
n.s. 
0.375 0.03 
n.s. 
0.762 0.06 
n.s. 
Significant t values are given in parentheses. 
(s) skinfold. 
(c) circumference. 
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n.s. 
n.s. 
n.s. 
TABLE 8.5: THE EFFECT OF UPPER BODY ADIPOSITY (AFTER CONTROLLING 
FOR AGE, AGE 2 AND BODY MASS INDEX) ON SYSTOLIC BLOOD 
PRESSURE IN THE THREE ETHNIC GROUPS. 
variable Whites Indians Pakistanis 
B p.r B p.r B p.r 
Midax. 0.025 0.11 -0.086 -0.45 0.053 0.26 
/Abdom. n.s. (p < 0.01) (p < 0 . 025) 
(s) 
Subscap. 0.021 0 .12 0.041 0.24 -0.009 -0.04 
/Supra. (p < 0.05) n.s. n.s. 
(s) 
Chest/ 0.022 0.13 0.043 0.23 -0.005 -0.02 
Supra. (p < 0.05) n.s. n.s. 
(s) 
Midax. 0.024 0.15 -0.025 -0.13 0.008 0.04 
/Supra. (p < 0.025) n.s. n.s. 
(s) 
Chest/ 0.001 0.00 0.119 0.48 -0.020 -0.08 
Midax. n.s. (p < 0.005) n.s. 
(s) 
Subscap. -0.002 -0.01 0.060 0.36 -0.017 -0.09 
/Midax. n.s. (p < 0.05) n.s. 
(s) 
n.s. not significant. 
Significant t values are given in parentheses. 
(s) skinfold. 
(c) circumference. 
Heterogen. 
bet. p.r's 
(p < 0 .005) 
n.s. 
n.s. 
n.s. 
(p < 0.01) 
n.s. 
TABLE 8.6: THE EFFECT OF TOTAL SUBCUTANEOUS FAT (AFTER 
CONTROLLING FOR AGE, AGE 2 AND BODY MASS INDEX) ON 
FASTING BLOOD GLUCOSE IN THE THREE ETHNIC GROUPS. 
Variable 
Sum of 
all 
skinfolds 
Whites 
B p.r 
0.002 0.13 
(p < 0.05) 
n.s. not significant . 
Indians Pakistanis 
B p.r B p.r 
0.001 0.01 -0.002 -0.11 
n.s. n.s. 
Significant t values are given in parentheses. (s) skinfold . 
(c) circumference. 
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Heterogen. 
bet. p.r's 
n.s. 
TABLE 8.7: DIFFERENCES IN MEAN VALUES OF METABOLIC VARIABLES AND 
SYSTOLIC BLOOD PRESSURE IN THE THREE ETHNIC GROUPS 
(WHITES SET TO ZERO) AFTER CONTROLLING FOR AGE, AGE 2 
AND CHEST, WAIST, ABDOMEN AND HIP CIRCUMFERENCES. 
Dependent 
variable (unit) 
Fasting blood 
* glucose 
(mmol/1) 
Cholesterol 
(mmol/1) 
Systolic blood 
** pressure 
(mmHg) 
Indians 
Mean s.E 
0.073 0.088 
-0.684 0.188 
0.001 0.003 
n.s. not significant. 
Pakistanis 
.Mean S.E 
0.042 0.066 
-0.533 0.140 
-0.003 0.002 
Significance 
F Change 
n.s. 
p < 0.0001 
p < 0.001 
* Mean and standard error of cosine transformed value. 
** Mean and standard error of square root (loglO) 
transformed value. 
TABLE 8.8: DIFFERENCES IN MEAN VALUES OF METABOLIC VARIABLES AND 
SYSTOLIC BLOOD PRESSURE IN THE THREE ETHNIC GROUPS 
(WHITES SET TO ZERO) AFTER CONTROLLING FOR .AGE, AGE 2 
AND UPPER BODY (CHEST, MIDAXILLARY AND SUBSCAPULAR) 
SKINFOLDS. 
Dependent 
Variable (unit) 
Fasting blood 
* glucose 
(mmol/1) 
Cholesterol 
(mmol/1) 
Systolic blood 
** pressure 
(mmHg) 
Indians 
Mean S.E 
0.029 0.086 
-0.577 0.181 
0.004 0.003 
n.s. not significant . . 
Pakistanis 
Mean S.E 
-0.013 0.063 
-0.389 0.133 
-0.007 0.002 
Significance 
F Change 
n.s. 
p < 0.001 
p < 0.0005 
* Mean and standard error of cosine transformed value. 
** Mean and standard error of square root (loglO) 
transformed value. 
1 91 
TABLE 8.9: DIFFERENCES IN MEAN VALUES OF METABOLIC VARIABLES IN 
THE THREE ETHNIC GROUPS (WHITES SET TO ZERO) AFTER 
CONTROLLING FOR AGE, AGE 2 AND CENTRAL BODY (ABDOMEN 
AND SUPRAILIAC) SKINFOLDS. 
Dependent 
variable (unit) 
Fasting blood 
glucose 
* (mmol/1) 
Cholesterol 
(mmol/1) 
Systolic blood 
** pressure 
(mmHg) 
Indians 
Mean S . E 
-0.030 0.085 
-0.669 0.181 
0.005 0.003 
n.s. not significant. 
Pakistanis 
Mean S.E 
-0.019 0.061 
-0.503 0.130 
-0.006 0.002 
Significance 
F Change 
n.s. 
p < 0.0001 
p < 0.001 
* Mean and standard error of cosine transformed value. 
** Mean and standard error of square root (loglO) 
transformed value. 
TABLE 8.10: DIFFERENCES IN MEAN VALUES OF METABOLIC VARIABLES 
AND SYSTOLIC BLOOD PRESSURE IN THE THREE ETHNIC 
GROUPS (WHITES SET TO ZERO) AFTER CONTROLLING FOR 
AGE, AGE 2 AND EXTREMITY (TRICEPS, FOREARM, ANTERIOR 
THIGH AND MEDIAL CALF) SKINFOLDS. 
Dependent 
Variable (unit) 
Fasting blood 
glucose 
* (mmol/1) 
Cholesterol 
(mmol/1) 
Systolic blood 
** pressure 
(mmHg) 
Indians 
Mean S.E 
0.039 0.086 
-0.588 0.183 
0.009 0.003 
n.s. not significant. 
Pakistanis 
Mean S.E 
0.081 0.063 
-0.440 0.132 
-0.003 0.002 
Significance 
F Change 
n.s. 
p < 0.0005 
p < 0.0025 
* Mean and standard error of cosine transformed value. 
** Mean and stand~rd error of square root {loglO) 
transformed value. 
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TABLE 8.11: DIFFERENCES IN MEAN VALUES OF METABOLIC VARIABLES 
AND SYSTOLIC BLOOD PRESSURE IN THE THREE ETHNIC 
GROUPS (WHITES SET TO ZERO) AFTER CONTROLLING FOR 
AGE, AGE 2 AND OTHER INDEPENDENT VARIABLES. 
variables Dependent Indians Pakistanis Significance 
Controlled Variable Mean S.E Mean S.E F Change 
for (unit) 
Cholesterol, Fasting 0.085 0.087 0.083 0.061 n.s. 
BMI, Systolic blood 
blood pressure glucose * 
(mmol/1) 
Fasting blood Choles- -0.555 0.183 -0.352 0.128 p < 0.0025 
glucose, BMI, terol 
Systolic blood (mmol/1) 
pressure 
Fasting blood Systolic 0.010 0.003 -0.003 0.002 p < 0.001 
glucose, BMI, blood 
** Cholesterol pressure 
( mmHg) 
n.s. not significant. 
* 
Mean and standard error of cosine transformed value. 
** 
Mean and standard error of square root (loglO) 
transformed value. 
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TABLE 8.12: THE MOST IMPORTANT PREDICTIVE VARIABLES OF FASTING 
BLOOD GLUCOSE IN THE THREE ETHNIC GROUPS. 
Whit es 
suprailiac skinfold 
Triceps skinfold 
Medial calf skinfold 
Midaxillary skinfold 
waist/Abdomen 
circumference ratio 
Abdomen skinfold 
Chest skinfold 
Indians 
Suprailiac skinfold 
Triceps skinfold 
Medial calf skinfold 
Midaxillary skinfold 
Waist/Abdomen 
circumference ratio 
Subscapular skinfold 
Abdomen/Hip 
circumference ratio 
Chest circumference 
Anterior thigh 
skinfold 
Pakistanis 
Suprailiac skinfold 
Triceps skinfold 
Subscapular skinfold 
Abdomen/Hip 
circumference ratio 
Abdomen skinfold 
Waist circumference 
Age 
Forearm skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Percentage of variance explained by these variables = 
14.3 9.5 19.1 
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TABLE 8.13 : THE MOST IMPORTANT PREDICTIVE VARIABLES OF TOTAL 
CHOLESTEROL IN THE THREE ETHNIC GROUPS . 
Whites 
Medial calf skinfold 
Abdomen skinfold 
Age 
Age 2 
Chest skinfold 
Subscapular skinfold 
Forearm skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Hip circumference 
Indians 
Medial calf skinfold 
Abdomen skinfold 
Age 
Age 2 
Triceps skinfold 
Abdomen/Hip 
circumference ratio 
Anterior thigh 
skinfold 
Midaxillary skinfold 
Chest circumference 
Pakistanis 
Medial calf skinfold 
Triceps skinfold 
Abdomen/Hip 
circumference ratio 
Chest skinfold 
Subscapular skinfold 
Forearm skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Waist/Abdomen 
circumference ratio 
Abdomen/Hip 
circumference ratio 
Percentage of variance explained by these variables= 
18.7 23.7 24.2 
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TABLE 8.14: THE MOST IMPORTANT PREDICTIVE VARIABLES OF SYSTOLIC 
BLOOD PRESSURE IN THE THREE ETHNIC GROUPS. 
Age 
Age 2 
Whites 
Suprailiac skinfold 
Subscapular skinfold 
Midaxillary skinfold 
Abdomen skinfold 
Triceps skinfold 
Anterior thigh 
skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Hip circumference 
Chest circumference 
Age 
Age 2 
Indians 
Suprailiac skinfold 
Subscapular skinfold 
Midaxillary skinfold 
Abdomen skinfold 
Triceps skinfold 
Anterior thigh 
skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Hip circumference 
Chest circumference 
Abdomen circumference 
Waist/Abdomen 
circumference ratio 
Abdomen/Hip 
circumference ratio 
Age 
Age 2 
Pakistanis 
Suprailiac skinfold 
Subscapular skinfold 
Midaxillary skinfold 
Abdomen skinfold 
Triceps skinfold 
Anterior thigh 
skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Waist circumference 
Medial calf skinfold 
Forearm skinfold 
Percentage of variance explained by these variables = 
27.8 74.9 33.2 
196 
TABLE 8 . 1 4 : THE MOST IMPORTANT PREDICTIVE VARIABLES OF SYSTOLIC 
BLOOD PRESSURE IN THE THREE ETHNIC GROUPS. 
Age 
Age 2 
Whites 
suprailiac skinfold 
subscapular skinfold 
Midaxillary skinfold 
Abdomen skinfold 
Triceps skinfold 
Anterior thigh 
skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Hip circumference 
Chest circumference 
Age 
Age 2 
Indians 
Suprailiac skinfold 
Subscapular skinfold 
Midaxillary skinfold 
Abdomen skinfold 
Triceps skinfold 
Anterior thigh 
skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Hip circumference 
Chest circumference 
Abdomen circumference 
Waist/Abdomen 
circumference ratio 
Abdomen/Hip 
circumference ratio 
Age 
Age 2 
Pakistanis 
Suprailiac skinfold 
Subscapular skinfold 
Midaxillary skinfold 
Abdomen skinfold 
Triceps skinfold 
Anterior thigh 
skinfold 
Abdomen/Suprailiac 
skinfold ratio 
Waist circumference 
Medial calf skinfold 
Forearm skinfold 
Percentage of variance explained by these variables= 
27.8 74.9 33.2 
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CHAPTER 9 
DISCUSSION 
9.1 INTRODUCTION 
This chapter discusses the results of the present investigation in relation to 
previously reported results of comparative studies in Britain of Asian and European men. 
Firstly, the prevalence of diseases and the differences in various indicators of 
lifestyle patterns in Asians and Whites are discussed. Thereafter, the heterogeneity and 
interrelationships of anthropometric, metabolic and blood pressure variables and indices in 
the three ethnic groups are discussed. Finally, the effect of generalised fatness and regional 
adiposity on the metabolic variables and systolic blood pressure as well as the most 
important predictive variables and indices of the metabolic variables and systolic blood 
pressure in the three ethnic groups are discussed. 
9.2 PREVALENCES OF DIABETES, HYPERCHOLESTEROLAEMIA AND 
HYPERTENSION 
9.2.1 Prevalence of Diabetes 
A number of studies in Britain (Mather and Keen, 1985; Samanta et al., 1988; 
McKeigue et al., 1988, 1991; Simmons et al., 1989; Knight et al., 1993) have shown that 
migrant Asians from the Indian subcontinent have markedly higher prevalence of NIDDM 
compared with Whites. The results of the present investigation are consistent with the 
findings of previous reports. In this study, the prevalence of NIDDM was found to be more 
than 4 times (Relative risk = 4.74) higher in Asians (15.8%) compared with Whites (3.8% ). 
All previous comparative ~tudies of prevalence of NIDDM in Britain have reported a much 
higher prevalence in Asians compared with Whites. The new diabetic:known diabetic 
(previously undiagnosed diabetics:newly diagnosed diabetics) ratios of Asians and Whites 
(0.5) were similar to that reported by Simmons et al. (1989). 
9.2.2 Prevalence of Hypercholesterolaemia 
Very few investigations have studied the prevalence of 
hypercholesterolaemia in Asians in Britain. In a recent study, Knight et al. (1993) found 
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23.8% of non-Asian men had hypercholesterolaemia (U.K. criteria, > 6.5 mmol/1), while 
the prevalence was only 11.7% in Asian men. In this study, the prevalence of 
hypercholesterolaemia (U.K. criteria, > 6.5 mmol/1) was significantly higher in White men 
(20.0%) compared to Asian men (5.8%, Relative risk = 0.17). When the U.S. criteria(> 6.2 
mmol/1) was utilised, the prevalence was also much higher in Whites (26.7%) compared 
with Asians (10.8%, Relative risk = 0.25). There were also significantly more Whites (34%) 
who had raised but not high cholesterol (5.2 < chol s 6.2 mmol/1) compared with Asians 
(25.2%, Relative risk = 0.46). Thus, this study clearly demonstrated significantly higher 
prevalences of raised cholesterol and hypercholesterolaemia in Whites compared to Asians. 
This finding is similar to that of the Bradford Study (Knight et al., 1993) of significantly 
increased prevalence of hypercholesterolaemia in non-Asian men compared with Asian 
men. 
9.2.3 Prevalence of Hypertension 
Very few investigations have reported on the prevalence of hypertension in 
Asians in Britain. Allawi et al. (1988) did not find any significant difference in the 
prevalence of hypertension between Whites and Asians while Knight et al. (1993) reported 
that Asian men had lower prevalence of hypertension compared with White men in 
Bradford. In the present study, no significant difference was found between Asian (8.6%) 
and White men (9.5%, Relative risk = 0.78). However, Asians (11.5%, Relative risk = 
0.47) had significantly lower prevalence of borderline systolic blood pressure (140 s SEP < 
160) compared with Whites (21.4% ). 
9.3 INDICATORS OF LIFESTYLE PATTERNS 
9.3.1 Smoking 
While many studies from Britain have shown lower rates of smoking among 
Indian and Pakistani migrants than in the White population (Balarajan and Y eun, 1986; 
Miller et al., 1988; McKeigue et al., 1991; Knight et al., 1993; Shaukat et al., 1993) others 
(Silman et al., 1985; McKeigue et al., 1985) have reported higher rates in Bangladeshi 
migrants. In the present investigation, no significant diff er,ences were observed in the 
prevalence of smoking between the three ethnic groups. There were also no significant 
differences observed between the three ethnic groups in the number of heavy (~ 15 
cigarettes per day) smokers. 
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9.3.2 Alcohol Consumption 
Previous studies (Balarajan and Y eun, 1986; Miller et al., 1988; Knight et al., 
1993) have consistently shown frequencies and levels of alcohol consumption are lower in 
Asians as compared to Whites. In this study, the consumption of alcohol was highest in 
White men and lowest in Pakistani men with significant differences existing between all the 
three ethnic groups. As all the Pakistanis were Muslims (Islam forbids the consumption of 
alcohol), the significantly lower prevalence of alcohol consumption among them is to be 
expected. The reason for significantly more Indians consuming alcohol compared with 
Pakistanis is that one-quarter of the Indians were Sikhs. It has been suggested (Mather and 
Marjot, 1989; Clark et al., 1990) that alcohol consumption is common among migrant Sikhs 
and in this study, most of the Sikhs consumed alcohol. However, prevalence of alcohol 
consumption was much higher in Whites compared to the other two ethnic groups. 
Moreover, there were no significant differences between Indians and Pakistanis in the 
number of heavy ( > 21 units per week) drinkers. Alcohol consumption above the Health 
Education Authority Guidelines (1991) of more than 21 units per week was significantly 
more in Whites (15.6%) than in Indians (2.6%) and Pakistanis (2.0% ). The results 
presented here are in agreement with previous reports in showing less consumption of 
alcohol in Asians compared to Whites. 
9.3.3 Physical Exercise 
There are very few studies which have been published on the extent of 
reported physical exercise taken by Asians in Britain. Knight et al. (1993) found that the 
frequency of reported weekly moderate exercise in leisure time was significantly higher in 
non-Asian men (44.4%) compared with Asian men (21.1%). They did not observe any 
significant difference between non-Asian men (16.3%) and Asian men (8.6%) undertaking 
regular strenuous exercise. In the present investigation, significantly more White men 
reported undertaking moderate (67.9%) as well as vigorous (38.9%) exercise compared 
with Pakistani men (29.0% and 12.0% respectively). The reported level of physical exercise 
undertaken by Indians was intermediate between the Whites and Pakistanis. Although the 
frequencies of exercise undertaken by the ethnic groups in this investigation were slightly 
higher than those reported by Knight et al. (1993), a similar trend of non-Asians 
undertaking more exercise than Asians was observed. 
Exercise is probably a protective factor against the development of diabetes 
(West, 1978) and experimental evidence supports the value of physical exercise (Taylor and 
Zimmet, 1983). There is increased insulin sensitivity in peripheral tissues, especially in 
muscle (Bjorntorp, 1982). Physical activity certainly influences glucose metabolism 
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(Bogardus et al., 1984 ). However, quantitative measurement of physical activity is difficult 
and existing methods are crude (Eschewe et al., 1985). The interaction of diet, exercise, and 
obesity is complex, and it is difficult to isolate exercise and study it as a single factor in 
relation to diabetes prevalence and incidence (Eschwege et al., 1985). Thus to date, very 
few studies have seriously addressed the relationship of NIDDM and physical activity 
(Bennett et al., 1992). 
9.3.4 Diet 
Although three detailed dietary surveys of Asians have been reported in 
Britain (McKeigue et al., 1985, 1989; Miller et al., 1988), the results of these studies are not 
conclusive. In the present investigation, detailed dietary intake was not studied. However, 
frequency of consumption of oils/fats and pulses/nuts/oilseeds were significantly higher in 
Asian men compared with White men. Further detailed investigations of oil/fat and pulse 
intake in Asians and Whites should be undertaken. While oils/fats intake could have a 
significant role in the pathogenesis of obesity, consumption of pulses (high fibre content) 
could have a beneficial effect on lipid and glucose metabolisms. 
Diet has long been suspected to have a role in the development of diabetes. 
However, at present, the contribution of diet to the increased prevalence of diabetes in 
Asians is still unclear and more detailed nutritional studies are required to know the 
specific contribution of diet, independent of obesity, to the pathogenesis of NIDDM. 
9.4 HETEROGENEITY OF ANTHROPOMETRIC, METABOLIC -AND BLOOD 
PRESSURE VARIABLES AND INDICES 
Significant heterogeneity in a number of anthropometric and metabolic 
variables and indices ( after removing the linear and quadratic effects of age) was observed 
between Asians and Whites. The main findings are discussed below. 
9 .4 .1 Anthropometric Variables and Indices 
9.4.1.1 Body Mass Index 
Most epidemiological studies have utilised body mass index (BMI) to 
estimate generalised ( overall) obesity and fatness. Numerous studies in the U.K. have 
shown that Asians have significantly lower mean BMI values compared to Whites 
(McKeigue et al., 1988; Hughes et al., 1989) while others (Miller et al., 1988; Allawi et al., 
1988; Cruickshank, 1989; McKeigue et al., 1991; Knight et al., 1993) have reported Asians 
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as having lower, although not significant, mean BMI values than Whites. Simmons et al. 
(1989) did not find any significant difference in body mass index between Asian and White 
subjects. In this study, although Indian and Pakistani men had lower mean BMI values ( age 
corrected) compared with White men, they were not significantly different. This result is 
consistent with previous reports and clearly indicates that the level of generalised obesity 
was similar in all the ethnic groups. 
9.4.1.2 Circumferences 
Only one investigation (Hughes et al., 1989) has studied body circumferences 
in Asians and Whites. Hughes et al. (1989) reported Asians as having significantly lower (p 
< 0.01) mean hip circumference compared with Whites. Although they did not find any 
significant difference in mean waist circumference between Asians and Whites, Asians 
were reported to have lower mean waist circumference. In the present investigation, Indian 
and Pakistani men had significantly lower mean values (age corrected) for three 
circumferences, minimum waist (p < 0.05), maximum hip (p < 0.0025) and chest (p < 
0.0005) circumferences compared with White men. These results clearly demonstrate that 
Asians on average have significantly less truncal visceral fat compared to Whites. 
9.4.1.3 Skinfolds 
Two previous studies (Miller et al., 1988; McKeigue et al., 1991) have 
reported skinfold measurements in Asians. Miller et al. (1988) did not find any significant 
differences in the mean values of biceps, triceps, subscapular and suprailiac skinfolds 
between Indian and European males. McKeigue et al. (1991) reported that Asian men had 
significantly greater mean subscapular and suprailiac (truncal) skinfolds than Whites. They 
did not find any significant differences in the mean values of triceps, anterior thigh and 
suprapatellar (extremity) skinfolds between the ethnic groups. Both these studies, did not 
correct for the effect of age. In the Peterborough Study, Indian and Pakistani men had 
significantly higher mean values (age corrected) for all the truncal skinfolds studied 
(subscapular, p < 0.0001; suprailiac p < 0.0001; abdomen, p < 0.0001; midaxillary, p < 
0.0005 and chest, p < 0.0025) than White men. Indians and Pakistanis also had significantly 
less (p < 0.0001) mean forearm skinfold compared with Whhes. No significant differences 
were observed in mean anterior thigh and medial calf (lower extremity) skinfolds and 
triceps (upper extremity) skinfold between the ethnic groups. The results from this study 
clearly demonstrate that Asians have significantly more truncal subcutaneous adiposity and 
significantly less upper extremity subcutaneous adiposity compared with Whites. No 
significant differences exist in lower extremity and triceps subcutaneous fat between Asians 
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and Whites. 
9.4.1.4 Circumference Indices 
Two investigations (Hughes et al, 1989; McKeigue et al., 1991) have studied 
circumference ratios in Asians. Hughes et al. (1989) did not find any significant difference 
in waist-hip ratio (W:H ratio) between control (normal) White and Asian subjects. 
McKeigue et al. (1991) found that all the Asian subgroups studied (Sikhs, Punjabi Hindus, 
Gujarati Hindus and Muslims) had a significantly higher mean W:H ratio than Whites. 
However, they did not correct for age. In the present investigation, no significant 
differences were observed in mean W:H ratio (age corrected) between the ethnic groups. 
However, Indians and Pakistanis had significantly lower mean waist/abdomen (p < 
0.0001), chest/waist (p < 0.0001) and chest/abdomen (p < 0.0001) ratios (Table 9.1) than 
Whites. They had significantly higher mean abdomen/hip ratio (p < 0.0001) than Whites. 
They had significantly lower mean chest + waist (p < 0.025), waist + hip (p < 0.025) and 
sum of all circumferences (p < 0.05); they also had significantly lower mean chest/ sum of 
all (p < 0.0001) and significantly higher abdomen/sum of all (p < 0.0001) circumference 
ratios (Table 9.1). 
These results (Table 9.1) clearly show that Indian and Pakistani men have 
significantly more visceral fat in abdomen relative to waist and chest regions, waist relative 
to chest region compared with White men. Asians also have significantly more central 
visceral fat (abdomen) relative to lower body (hip) compared with Whites. Although Asians 
have significantly less total visceral fat (sum of all circumferences), they have significantly 
more visceral adiposity in the abdominal region and significantly less in the chest region 
relative to total visceral adiposity than Whites. 
9.4.1.5 Skinfold Indices 
Only one previous investigation has examined skinfold indices in Asians. 
Miller et al. (1988) found-that Asians had a significantly higher mean (p < 0.01) when the 
four skinfolds (biceps, triceps, subscapular, suprailiac) were summated than Europeans. In 
this investigation, nine skinfolds (abdomen, chest, subscapular, suprailiac, midaxillary, 
triceps, forearm, medial calf, anterior thigh) were studied so as to give a much more 
detailed picture of the distribution of subcutaneous adiposity. Here, the mean of the 
summed skinfolds (age corrected) was also significantly higher (p < 0.00025) in Indian and 
Pakistani men (Table 9.2) compared with White men. In addition, Indians and Pakistanis 
had significantly higher (age corrected) mean values (p < 0.0001) of all truncal, upper 
body:upper extremity, upper body:lower extremity, central body:upper extremity, central 
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body:lower extremity skinfold indices (Table 9.2) compared with Whites; they also had 
significantly higher mean (p < 0.0001) central body and upper body skinfold indices. In 
addition, they had (Table 9.2) significantly lower mean upper body:central body (p < 
0.005) and extremity:sum of all skinfolds (p < 0.0001) indices. They also had higher (p < 
0.0001) subscapular/sum of all, suprailiac/sum of all and abdomen/sum of all indices. 
In summary, these findings suggest that Asian men have significantly higher 
subcutaneous adiposity skinfold indices compared with White men (Table 9.2) for the 
following: central body, upper body, truncal, upper body:upper extremity, upper 
body:lower extremity, central body:upper extremity, central body:lower extremity, and 
subscapular, suprailiac and abdomen relative to total subcutaneous adiposity. Results also 
indicate that Asians have significantly lower subcutaneous adiposity indices (Table 9.2) for 
the following: upper body:central body, and extremity relative to total subcutaneous 
adiposity. 
It can be seen that adult Asian men have a distinctly different body fat 
pattern (Tables 9.1 and 9.2) compared to Whites irrespective of age and level of generalised 
adiposity. 
In order to ascertain whether it was possible to differentiate between the 
three ethnic groups, a discriminating analysis was run. Utilising only anthropometric 
variables and ratios, 94.7% of Whites, 20.5% of Indians and 72.0% of Pakistanis were 
correctly classified, with a total of 81.8% of all individuals being correctly grouped. Almost 
half ( 41.0%) of Indians were misclassified by the analysis as Pakistanis. When the Indians 
and Pakistanis were grouped together, 73.4% were correctly classified as Asians while 
92.7% of Whites were grouped correctly. The overall percentage of individuals from the 
three ethnic groups correctly classified was 86.0%. 
9.4.2 Metabolic and Blood Pressure Variables and Indices 
9.4.2.1 Fasting Blood Glucose 
Very few studies have been carried out in Britain on mean fasting blood 
glucose levels in Asians. Miller et al. (1988) did not find any significant difference in 
fasting plasma glucose between Asians and Europeans. In the present investigation, no 
statistically significant ethnic differences were observed '(previously reported diabetics 
excluded) in mean fasting blood glucose levels. However, the total cholesterol/fasting 
blood glucose ratio was significantly lower in Indians (p < 0.0025). and Pakistanis (p < 
0.0025) than in Whites. 
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9.4.2.2 Total Cholesterol 
All previous studies in Britain (McKeigue et al., 1985, 1988, 1991; Miller et 
al., 1988; Hughes et al., 1989; Knight et al., 1993; Shaukat et al., 1993) have reported 
significantly lower mean cholesterol concentrations in Asians than in Whites. The highest 
and lowest mean cholesterol levels reported in Asians are 6.0 mmol/1 (McKeigue et al., 
1991) and 5.0 mmol/1 (McKeigue et al., 1987). In this study, Indians (4.8 mmol/1) and 
Pakistanis (5.0 mmol/1) had significantly lower (p < 0.0001) mean total cholesterol than 
Whites (5.4 mmol/1). Since all individuals who had previously reported as having 
hypercholesterolaemia were excluded before calculating the means, the mean values in this 
investigation are somewhat lower compared with some of the earlier studies. The mean 
cholesterol concentrations of Indians and Pakistanis were very similar to that observed by 
McKeigue et al. (1987). However, testing for differences between the results of this study 
and previous ones was not possible as previous studies have not reported the standard 
deviation. Thus, the results of this investigation are consistent with earlier studies, all of 
which have reported significantly lower mean cholesterol concentrations in Asians 
compared with Whites. 
9.4.2.3 Systolic and Diastolic Blood Pressure 
Allawi et al. (1988) had reported that Asian diabetics had significantly lower 
mean systolic blood pressure than White diabetics but no significant difference in mean 
diastolic blood pressure was noted. McKeigue et al. (1988) reported that mean systolic 
pressure was 10 mmHg lower in Bangladeshis than in Europeans while Hughes et al. (1989) 
found that mean diastolic blood pressure was significantly lower in Asians than Whites. 
Miller et al. (1988) did not find any significant differences in systolic and diastolic blood 
pressure between Asians and Whites. McKeigue et al. (1991) observed that Sikhs and 
Punjabi Hindus (but not Gujarati Hindus and Muslims) had significantly higher systolic 
blood pressure than Whites. The Asians had higher diastolic blood pressure than Whites. 
Recently, Knight et al. (1993) reported that Asians had significantly lower mean systolic 
blood pressure than the Whites. Thus, the findings of previous studies of systolic and 
diastolic blood pressure in Asians and Whites are not consistent. Furthermore, none of 
these studies have corrected for the effect of age. 
In this study, Indian and Pakistani men ( excluding previously reported 
hypertensives) had significantly higher and lower mean systolic blood pressure (age 
corrected) respectively (p < 0.005) than White men. However, Indians and Pakistanis 
(excluding previously reported hypertensives) had significantly higher (p < 0.05) mean 
diastolic blood pressure compared with Whites. 
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Thus, studies of metabolic and blood pressure variables and indices revealed 
that there were significant differences ( after removing the linear and quadratic effects of 
age) in mean total cholesterol, total cholesterol/fasting blood glucose ratio, systolic and 
diastolic blood pressure between Asians and Whites. 
When discriminant analysis utilising only metabolic variables was run, only 
66.3% of all individuals were correctly grouped, with 96.6%, 2.6% and 12.0% of Whites, 
Indians and Pakistanis respectively being classified correctly. 
When anthropometric as well as metabolic variables and ratios were utilised, 
a total of 94.3% and 72.0% of Whites and Pakistanis respectively, were correctly grouped. 
Although only 23.1 % of Indians were correctly classified by the analysis, 81.8% of all 
individuals of the three ethnic groups were correctly classified. Almost half ( 48.7%) of the 
Indians were classified by the analysis as Pakistanis. When the Indians and Pakistanis were 
grouped together, 77.0% were correctly classified as Asians while 93.5% of Whites were 
grouped correctly. The overall percentage of individuals from the three ethnic groups 
correctly classified was 87.8%. The most powerful discriminating variables and indices of 
the three ethnic groups, and of Asians and Whites were similar. 
Thus, better discrimination of the Indians was obtained when they were 
grouped together with Pakistanis as Asians. This was probably because many of the Indians 
were misclassified as Pakistanis by the analysis. Some of the anthropometric 
characteristics of Indians were intermediate (although significantly different from Whites) 
between the Whites and Pakistanis. The differences between the Whites and Pakistanis 
were greater than those between the Whites and Indians. Hence, some of the Indians were 
misclassified by the analysis. Also, anthropometric variables and indices-were much better 
discriminators of the ethnic groups than metabolic variables. 
In conclusion, results of the present investigation demonstrated that 
anthropometric variables and indices were more powerful discriminators of the ethnic 
groups than metabolic variables. While the majority of Whites and Pakistanis were grouped 
correctly, many Indians were misclassified as Pakistanis by the analysis. Better 
discrimination of the Indians was observed when they were grouped together with 
Pakistanis as Asians. -
9.6 INTERRELATIONSHIPS OF ANTHROPOMETRIC, METABOLIC AND 
BLOOD PRESSURE VARIABLES AND INDICES 
No significant heterogeneity was observed in the partial correlation 
coefficients of age and age 2 with fasting blood glucose, total cholesterol, systolic and 
diastolic blood pressure between the three ethnic groups. These results indicate that the 
linear and quadratic effects of age on these metabolic variables were similar in all the 
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ethnic groups. 
Multiple regression analyses ( after removing the linear and quadratic effects 
of age) indicated that the distributions of fasting blood glucose in the three ethnic groups 
were similar ( overlapping), i.e., no significant difference existed in the b values between the 
groups. However, results showed that there was significant heterogeneity in b values 
between Whites and Indians/Pakistanis of the distributions of total cholesterol, diastolic 
and systolic blood pressure. Thus, for any given age, the mean values of cholesterol, 
diastolic and systolic blood pressure are significantly different in Asian men compared to 
White men. 
Results of correlation studies of the metabolic and blood pressure variables, 
weight and body mass index (BMI) revealed that systolic blood pressure was significantly 
correlated with weight and BMI, and diastolic blood pressure was significantly correlated 
with BMI in all the ethnic groups. Significant heterogeneity was observed (p < 0.05) in the 
partial ( age effect removed) correlation of fasting blood glucose and systolic blood pressure 
between the groups. In Pakistanis, fasting blood glucose was significantly correlated (p.r. = 
0.28; p < 0.01) with systolic blood pressure whereas in Whites and Indians, there were 
nonsignificant negative correlations. 
In this study, the correlation of two metabolic variables, fasting blood glucose 
and total cholesterol, and systolic and diastolic blood pressure with numerous 
anthropometric variables and indices was examined. Results revealed (Table 9.3) that 
many anthropometric variables and indices were significantly correlated with these 
metabolic and blood pressure variables in all the three ethnic groups. Results also showed 
(Table 9.3) that in some instances there existed significant heterogeneity of the correlation 
coefficients between the ethnic groups. 
No significant correlation of the metabolic and blood pressure variables was 
observed in all the three ethnic groups with any extremity skinf old and extremity skinfold 
ratios. 
In conclusion, results of correlation studies revealed that there was no 
significant heterogeneity in the association of age and age 2 with the two metabolic 
variables, fasting blood glucose and total cholesterol, and systolic and diastolic blood 
pressure between the ethnic groups. Thus, the association of age with these metabolic and 
blood pressure variables was not shown to be significantly different between the ethnic 
groups. In addition, the distribution of fasting blood glucose ·( age and age 2 removed) was 
similar in the three ethnic groups. However, the distributions of total cholesterol, systolic 
and diastolic blood pressure were significantly different in Asian men compared with White 
men. The results also indicated that there were some anthropometric variables and indices 
(Table 9.3) which were significantly correlated with these metabolic and blood pressure 
variables in all the ethnic groups. This can be interpreted as evidence of significant 
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association of these anthropometric variables and indices with fasting blood glucose, total 
cholesterol, systolic and diastolic blood pressure in all the ethnic groups. Furthermore, in 
instances where significant heterogeneity was observed (Table 9.3) in the correlations of 
anthropometric variables and indices with the metabolic and blood pressure variables 
between the ethnic groups, heterogeneity test of partial (age effect removed) correlations 
revealed significant differences in some relationships. These results clearly indicated that 
these associations between anthropometric variables and indices and the metabolic and 
blood pressure variables are significantly different ( age effect removed) between the ethnic 
groups. Thus, there existed distinct ethnic differences in the relationship of these 
anthropometric variables and indices with the metabolic and blood pressure variables. 
9.7 RELATIONSHIP BETWEEN GENERALISED ADIPOSITY AND FASTING 
BLOOD GLUCOSE, TOTAL CHOLESTEROL AND SYSTOLIC BLOOD 
PRESSURE 
9.7.1 Association of Generalised Adiposity with Metabolic Variables and Systolic Blood 
Pressure 
In the present investigation, no significant differences were observed either 
in mean body mass index (BMI) or the distribution of individuals in different grades of 
obesity (based on BMI categories) between the three ethnic groups. Therefore, the level of 
generalised adiposity was similar in all the groups. 
When the association of generalised adiposity ( after removing age and age 2 
effect) with fasting blood glucose, total cholesterol and systolic blood pressure was studied, 
no significant heterogeneity was observed in the partial correlation coefficients between 
the three ethnic groups. The conclusion from these observations is that generalised 
adiposity has a similar association with these metabolic variables and systolic blood 
pressure in all the ethnic groups, i.e., the effect of generalised adiposity on the two 
metabolic variables and systolic is not significantly heterogeneous between the ethnic 
groups. An important finding was that generalised adiposity had a significant effect on 
systolic blood pressure in each ethnic group. Thus, generalised adiposity was significantly 
associated with systolic blood pressure in all the ethnic groups, i.e., generalised obesity had 
significant impact (after removing linear and quadratic effects of age) on systolic blood 
pressure in all the ethnic groups. 
Multiple regression analyses ( after removing the effects of age, age 2 and 
BMI) indicated that the distributions of fasting blood glucose in the three ethnic groups 
were overlapping, i.e., no significant difference existed in the b values between the groups. 
However, results showed that there was significant heterogeneity in b values between 
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Whites and Indians/Pakistanis of the distributions of total cholesterol and systolic blood 
pressure. Thus, for any given age and body mass index, the mean values of cholesterol and 
systolic blood pressure are significantly different in Asians compared to Whites. 
9.7.2 Difference in Mean Body Mass Index After Removing the Effects of 
Anthropometric and Metabolic Variables and Systolic Blood Pressure 
All the three ethnic groups had similar mean BMI values after removing the 
effects of age and age 2 • However, comparisons of the mean values of BMI in the three 
ethnic groups after removing the linear and quadratic effects of age and other 
anthropometric and metabolic variables, revealed significant differences between Asians 
and Whites. Indian and Pakistani men had significantly lower mean BMI (Table 9.4) 
compared with White men after removing the effects of various anthropometric and 
metabolic variables. 
No significant differences were observed in mean BMI between Asians and 
Whites after removing the effects of waist, hip, chest and abdomen circumferences; and 
extremity (triceps, forearm, medial calf and anterior thigh) skinfolds. Asian men had 
significantly lower mean body mass index compared with White men after removing the 
effects of upper body and central body subcutaneous adiposity. These results demonstrate 
that upper body subcutaneous adiposity and central body subcutaneous adiposity have 
significantly greater associations with generalised adiposity in Asian men compared with 
White men, since after the removal of their effects Asians have significantly lower mean 
BMI (Table 9.4) than Whites. Moreover, the two metabolic variables and systolic blood 
pressure also have a significantly greater association with generalised adiposity in Asians 
compared with Whites, as after removal of their effects Asians have significantly lower 
mean BMI (Table 9.4) than Whites. The association of extremity subcutaneous adiposity 
and visceral adiposity with generalised obesity is similar in Asians and Whites since no 
significant difference in mean BMI of the ethnic groups is observed after removing their 
effects. 
9.8 RELATIONSHIP OF REGIONAL ADIPOSITY AND FASTING BLOOD 
GLUCOSE, TOTAL CHOLESTEROL AND SYSTOLIC BLOOD PRESSURE 
9 .8.1 Background 
Obesity 1s a major health problem in developed countries. In most 
epidemiological studies, BMI (body mass index) has been used to estimate overall obesity 
and fatness. Such indices however, fail to discriminate body fat from muscular and skeletal 
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mass. The impact of obesity (measured as BMI) as a risk factor of NIDDM appears to vary 
among different populations and by sex. For example, the use of BMI is not a strong 
predictive risk factor in Asians living in Britain ( Cruickshank and Beevers, 1989; Simmons 
et al., 1989; McKeigue et al., 1991). The site of fat accumulation is considered a 
predominant risk factor for metabolic disorders (like NIDDM) of obesity (Van Gaal et al., 
1988). 
Extensive research has been conducted on the interrelationship between the 
anatomical distribution of fat and diabetes since the first study by Vague (1956). A large 
body of data shows that within the wide, heterogeneous spectrum of human obesity, it is 
possible to identify a specific phenotype that is associated with a propensity to develop 
NIDDM. However, although numerous studies have been undertaken on the 
morphological distribution of adiposity as a risk factor of NIDDM in various ethnic groups, 
e.g., rural Mestizos in Colombia (Mueller and Reid, 1979), Dogrib Indians in Canada 
(Szathmary and Holt, 1983), Mexican-Americans in U.S. (Mueller et al., 1984), Swedes 
(Ohlson et al., 1985), French (Ducimetieri et al., 1986) and Japanese-Americans (Newell-
Morris et al., 1989), no detailed work has been done on body fat distribution in Asians 
living in Britain. In addition, no study has examined the interrelationships between relative 
body fat patterning and NIDDM and its risk factors in Britain. 
The general consensus from these studies is that total body fat appears to be 
a less important indicator of health than the pattern of fat distribution. Fat topography is a 
biological characteristic with far-reaching metabolic implications. Recognition of the 
marked differences between adiposity localised to different parts of the body has clearly 
improved our understanding of the syndrome of human obesity, which is a heterogeneous 
group of conditions with wide variations in risk for NIDDM (Bjorntorp, 1992). 
9.8.2 Association of Regional Adiposity with Metabolic Variables and Systolic Blood 
Pressure 
In the present investigation, the association of central body adiposity, upper 
body adiposity and total subcutaneous and total visceral adiposities with two metabolic 
variables, fasting blood glucose and total cholesterol, and systolic blood pressure was 
studied. The objective was to determine whether any specific pattern of fat deposition was 
significantly associated with these metabolic variables independent of age and generalised 
adiposity in Asians and Whites. Results indicated that three measures of central 
subcutaneous adiposity, abdomen skinfold (p < 0.0025), suprailiac skinfold (p < 0.0025) 
and the sum of abdomen + suprailiac skinfolds (p < 0.001) showed a significant association 
with fasting blood glucose (independent of age, age 2 and BMI) in White men but not in 
Indian and Pakistani men. Moreover, partial correlation coefficients (effects of age, age 2 
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and BMI removed) revealed significant heterogeneity in these measures of subcutaneous 
adiposity, abdomen skinfold (t = 2.38, p < 0.025), suprailiac skinfold (2.34, p < 0.025) and 
sum of abdomen + suprailiac skinfolds (t = 2.15, p < 0.05) between Whites and Asians. 
This is an important finding and clearly indicate that while these measures of central 
subcutaneous adiposity are significant and positively associated with fasting blood glucose 
in White men, no such significant associations exist in Asian men. Hence, central 
subcutaneous adiposity has a significant impact (independent of age and generalised 
adiposity) on fasting blood glucose in Whites but not in Asians. Zimmet and King (1985) 
have stated that baseline (fasting) blood glucose concentration is the most powerful and 
consistent predictor of subsequent diabetes. As fasting blood glucose is the main diagnostic 
criterion for NIDDM, it would appear that central subcutaneous adiposity is a potential risk 
factor independent of generalised fatness of NIDDM in Whites but not in Asians. Thus, 
central subcutaneous adiposity seems to be an ethnic-specific risk factor of NIDDM in 
White men. 
Although waist circumference and waist:hip circumference ratios were 
significantly associated with fasting blood glucose in White men but not in Indian and 
Pakistani men, no significant heterogeneity of the partial correlation coefficients ( age, age 2 
and BMI removed) was observed between the ethnic groups. Both these measures are of 
central visceral fat which is different from subcutaneous adiposity measured by skinfolds. 
Although a number of other measures of central body adiposity, upper body 
adiposity and total subcutaneous adiposity had significant associations (independent of age, 
age 2 and BMI) on fasting blood glucose, total cholesterol and systolic blood pressure in 
White men but not in Indian and Pakistani men, no significant heterogeneity was observed 
in the partial correlation coefficients ( age, age 2 and BMI removed) between Asians and 
Whites. Thus, partial correlations for all the ethnic groups combined would go a long way to 
explain the existing variations. 
9.8.3 Differences in Mean Values of Fasting Blood Glucose, Total Cholesterol 
and Systolic Blood Pressure After Removing the Effects of Anthropometric 
Anthropometric and Metabolic Variables and Systolic Blood Pressure 
Indian and Pakistani men had significantly lower mean cholesterol ( age and 
age 2 removed) than White men. They also had significantly higher and lower mean systolic 
blood pressure respectively (age and age 2 removed) compared with Whites. All the ethnic 
groups had similar mean (age and age 2 removed) fasting blood glucose. Comparisons of 
the mean values of fasting blood glucose, total cholesterol and systolic blood pressure after 
removing the linear and quadratic effects of age and other anthropometric and metabolic 
variables, revealed that significant differences still existed between Asians and Whites 
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(Table 9.5) in mean cholesterol and systolic blood pressure. No significant differences were 
observed in mean glucose levels between the ethnic groups even after removing the effects 
of various anthropometric and metabolic variables. Indians and Pakistanis had significantly 
lower mean cholesterol compared with Whites (Table 9.5) after removing the effects of 
various anthropometric and metabolic variables. 
These results indicate that Indian and Pakistani men have significantly lower 
mean total cholesterol compared with White men even after controlling for these effects. 
Thus, the significantly lower mean cholesterol concentration in Indians and Pakistanis 
compared with Whites remain even after controlling for the effects of these anthropometric 
and metabolic variables. 
Indians and Pakistanis had significantly higher and lower mean systolic blood 
pressure respectively compared with Whites (Table 9.6) after removing the effects of 
various anthropometric and metabolic variables. 
These results indicate that Indian and Pakistani men have significantly higher 
and lower mean systolic blood pressure compared with White men (Table 9.6) even after 
controlling for these effects. Thus, the significantly higher and lower mean systolic blood 
pressure in Indians and Pakistanis respectively compared with Whites remain even after 
controlling for the effects of these anthropometric and metabolic variables. 
9.9 THE MOST PREDICTIVE ANTHROPOMETRIC VARIABLES AND 
INDICES OF FASTING BLOOD GLUCOSE, TOTAL CHOLESTEROL AND 
SYSTOLIC BLOOD PRESSURE IN THE THREE ETHNIC GROUPS 
Results of stepwise regression analyses of two metabolic variables and 
systolic blood pressure revealed that although the most predictive variables of these three 
variables differed between the ethnic groups there were some similarities. 
Suprailiac and triceps skinf olds were important variables in predicting fasting 
blood glucose while medial calf skinfold was an important variable in predicting cholesterol 
in all the ethnic groups. Age, age 2 , abdomen, subscapular, suprailiac, midaxillary, triceps 
and anterior thigh skinfolds; and abdomen/suprailiac skinfold ratio were important 
variables in predicting systolic blood pressure in all the ethnic groups. The anthropometric 
variables and indices used in predicting fasting blood glucose, total cholesterol and systolic 
blood pressure in White only group poorly predicted the means of these metabolic variables 
in Indians and Pakistanis. 
In conclusion, it was observed that while there were some similarities in the 
most predictive variables of fasting blood glucose, total cholesterol and systolic blood 
pressure between the three ethnic groups, the White only group when used as a template, 
poorly predicted the means of these variables in Indian men and Pakistani men. 
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TABLE 9.1: VISCERAL ADIPOSITY (CIRCUMFERENCE) INDICES IN INDIANS 
AND PAKISTANIS (AGE AND AGE 2 CORRECTED) COMPARED WITH 
WHITES. 
circumference Indices 
Upper body:Central body 
Central Body:Lower body 
Total Visceral Adiposity 
Central body relative to 
Total Visceral Adiposity 
Upper body relative to 
Total Visceral Adiposity 
t Significantly higher than Whites. 
i Significantly lower than Whites. 
Indians Pakistanis 
t t 
t t 
TABLE 9.2: SUBCUTANEOUS ADIPOSITY (SKINFOLD) INDICES IN INDIANS 
AND PAKISTANIS (AGE AND AGE 2 CORRECTED) COMPARED WITH 
WHITES. 
Skinfold Indices Indians 
Central body 
Upper Body 
Truncal 
Upper body:Upper extremity 
Upper body:Lower extremity 
Central body:Upper extremity 
Central body:Lower extremity 
Total Subcutaneous -Adiposity 
Subscapular; Suprailiac and 
Abdomen relative to Total 
Subcutaneous Adiposity 
Upper body:Central body 
Extremity relative to Total 
Subcutaneous Adiposity 
t Significantly higher than Whites . 
i Significantly lower than Whites . 
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t 
t 
t 
t 
t 
t 
t 
t 
t 
Pakistanis 
t 
t 
t 
t 
t 
t 
t 
t 
t 
TABLE 9.3: SUMMARY OF CORRELATIONS OF METABOLIC AND BLOOD 
PRESSURE VARIABLES WITH ANTHROPOMETRIC VARIABLES 
AND INDICES IN THE THREE ETHNIC GROUPS. 
correlates Whites 
Circumferences 
SBP & Chest + 
& Waist + 
& Hip + 
& Abdomen + 
DBP & Waist + 
& Abdomen + 
& Chest + 
Skinfolds 
SBP & Subscapular + 
& Chest + 
& Midaxillary + 
& Abdomen + 
DBP & Suprailiac n.s. 
TC & Triceps n.s. 
Circumference Indices 
FBG & Abdomen/Hip + 
TC & Abdomen/Hip + 
& Waist/Hip + 
& Chest/Abdomen 
SBP & Abdomen/Hip + 
& Waist/Hip + 
& Chest/Abdomen 
& Chest/Waist 
DBP & Waist/Hip + 
& Chest/Abdomen 
& Chest/Waist 
Truncal Skinfold Indices 
TC & Chest/Subscapular + 
SBP & Chest/Abdomen + 
& Chest/Suprailiac + 
DBP & Chest/Abdomen + 
& Chest/Suprailiac + 
& Midaxillary/ + 
Suprailiac 
FBG & Chest/Subscapular -
Indians 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
n.s. 
n.s. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
n .s. 
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Pakistanis Heterogeneity 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
* 
n.s. 
n.s. 
n.s. 
n.s. 
** 
** 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
*** 
continued 
Truncal-Extremity Skinfold Indices 
SBP & Chest/Forearm + + 
& Midaxillary/ + + 
Anterior thigh 
& Chest/Anterior + + 
thigh 
& Chest/Medial calf+ + 
DBP & Chest/Forearm 
& Chest/Anterior 
thigh 
TC & Triceps/Forearm 
& Suprailiac/ 
Triceps 
DBP & Chest/Triceps 
& Suprailiac/ 
Forearm 
+ 
+ 
n.s. 
+ 
n.s. 
n.s. 
FBG Fasting Blood Glucose. 
TC Total Cholesterol. 
SBP Systolic Blood Pressure. 
DBP Diastolic Blood Pressure. 
+ 
+ 
n.s. 
n.s. 
n.s. 
n.s. 
+ Significant positive correlation. 
Significant negative correlation. 
n.s. Not significant. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
n.s. 
+ 
+ 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
** 
* 
*** 
** 
* Significant heterogeneity between Whites and Pakistanis. 
** Significant heterogeneity between Pakistanis and 
Indians/Whites. 
*** Significant heterogeneity between Whites and 
Indians/Pakistanis. 
TABLE 9.4: MEAN BODY MASS INDEX IN INDIANS AND PAKISTANIS 
COMPARED WITH WHITES AFTER CONTROLLING FOR LINEAR AND 
QUADRATIC EFFECTS OF AGE AND ANTHROPOMETRIC AND 
METABOLIC VARIABLES AND SYSTOLIC BLOOD PRESSURE. 
Variables Controlled for 
Upper body (chest, midaxillary 
and suprailiac skinfolds) 
subcutaneous adiposity 
Central body (abdomen and 
suprailiac skinfolds) 
subcutaneous adiposity 
Fasting Blood Glucose , Total 
Cholesterol and Systolic 
Blood Pressure 
i Significantly lower than Whites. 
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Indians Pakistanis 
TABLE 9.5 : MEAN TOTAL CHOLESTEROL IN INDIANS AND PAKISTANIS 
COMPARED WITH WHITES AFTER CONTROLLING FOR LINEAR AND 
QUADRATIC EFFECTS OF AGE AND ANTHROPOMETRIC AND 
METABOLIC VARIABLES AND SYSTOLIC BLOOD PRESSURE. 
variables Controlled for 
Visceral (abdomen, waist, 
hip and chest circumferences) 
adiposity 
Upper body (chest, midaxillary 
and subscapular skinfolds) 
subcutaneous adiposity 
Central body (abdomen and 
suprailiac skinfolds) 
subcutaneous adiposity 
Extremity (triceps, forearm, 
anterior thigh and medial calf 
skinfolds) subcutaneous adiposity 
Fasting Blood Glucose, Body Mass 
Index and Systolic Blood Pressure 
i Significantly lower than Whites. 
Indians Pakistanis 
TABLE 9.6: MEAN SYSTOLIC BLOOD PRESSURE IN INDIANS AND 
PAKISTANIS COMPARED WITH WHITES AFTER CONTROLLING 
FOR LINEAR AND QUADRATIC EFFECTS OF AGE AND 
ANTHROPOMETRIC AND METABOLIC VARIABLES. 
Variables Controlled for 
Visceral (abdomen, waist, 
hip and chest circumferences) 
adiposity 
Upper body (chest, midaxillary 
and subscapular skinfolds) 
subcutaneous adiposity 
Central body (abdomen and 
suprailiac skinfolds) 
subcutaneous adiposity 
Extremity (triceps, forearm, 
anterior thigh and medial calf 
skinfolds) subcutaneous adiposity 
Fasting Blood Glucose, Body Mass 
Index and Total Cholesterol 
t Significantly higher than Whites . 
i Significantly lower than Whites. 
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Indians Pakistanis 
t 
t 
t 
t 
t 
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CHAPTER 10 
CONCLUSIONS AND RECOMMENDATIONS 
10.1 CONCLUSIONS 
The main findings of this study are: 
1) Asian men had significantly higher prevalence of NIDDM but significantly lower 
prevalence of hypercholesterolaemia compared with White men. No significant 
difference was observed in the prevalence of hypertension between Asians and 
Whites. 
2) There were significant differences in a variety of reported indicators of lifestyle 
patterns ( diet, alcohol consumption) between Asian and White men. Significantly 
less Asians reported consuming alcohol and significantly more Asians reported 
consuming oils/fats than Whites. The prevalence of smoking was similar in all three 
ethnic groups. 
3) Significant heterogeneity in body fat patterning was observed after removing the 
linear and quadratic effects of age between Asian and White men. Asian_ men had 
significantly more truncal, upper and central body subcutaneous adiposity but 
significantly less forearm subcutaneous adiposity compared with White men; they 
also had significantly more total subcutaneous fat but significantly less visceral 
truncal fat. All three ethnic groups had similar levels of generalised obesity. Overall, 
77.0% and 93.5% of Asians and Whites respectively could be correctly classified by 
using various anthropometric and metabolic variables and indices. 
4) Significant differences were observed in metabolic and blood pressure variables 
(age corrected) between Asian and White men. Asians had significantly lower mean 
total cholesterol but significantly higher mean diastolic blood pressure compared 
with Whites. No significant differences in mean fasting blood glucose levels were 
observed between the three ethnic groups. 
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5) No significant heterogeneity was observed in the association of linear and quadratic 
effects of age with fasting blood glucose, total cholesterol, systolic and diastolic 
blood pressure between the ethnic groups. 
6) Fasting blood glucose was significantly correlated with abdomen/hip ratio; 
cholesterol was significantly correlated with abdomen/ hip and waist/ hip 
circumference ratios; and chest/ subscapular skinfold ratio in all the groups. A 
significant negative correlation was observed between cholesterol and chest/ 
abdomen circumference ratio in the three ethnic groups. 
7) Systolic blood pressure was significantly correlated with weight, BMI; hip, waist, 
abdomen and chest circumferences; subscapular, chest, midaxillary and abdomen 
skinfolds; waist/ hip and abdomen/ hip circumference ratios; and chest/ abdomen, 
chest/ suprailiac, chest/ forearm, midaxillary / anterior thigh, chest/ anterior thigh 
and chest/ medial calf skinfold ratios in all the ethnic groups. Systolic blood pressure 
was significantly negatively correlated with chest/ waist and chest/ abdomen 
circumference ratios in all the groups. 
8) Diastolic blood pressure was significantly correlated with BMI; waist, chest and 
abdomen circumferences; subscapular, chest, midaxillary and abdomen skinfolds; 
waist/ hip circumference ratio; and chest/ abdomen, chest/ suprailiac, midaxillary / 
suprailiac, chest/ forearm and chest/ anterior thigh skinfold ratios in all the ethnic 
groups. Diastolic blood pressure was negatively correlated with chest/ waist and 
chest/ abdomen circumference ratios in the three ethnic groups. 
9) Significant heterogeneity was observed in the partial correlations (after removing 
the effect of age) of fasting blood glucose with systolic blood pressure and 
chest/subscapular skinfold ratio; total cholesterol with triceps skinfold, 
triceps/forearm and suprailiac/ triceps skinfold ratios; and diastolic blood pressure 
with chest circumference, suprailiac skinfold, and chest/triceps and 
suprailiac/forearm skinfold ratios between the three ethnic groups. 
10) The distributions (age, age 2 controlled; and age, age 2 and BMI controlled) of total 
cholesterol, systolic and diastolic blood pressure were significantly different in 
Asian men compared with White men. 
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11) Body mass index showed significant positive association with systolic blood pressure 
(after controlling for age and age 2 ) in all the ethnic groups. No significant 
heterogeneity was observed in the association of BMI ( age corrected) with fasting 
blood glucose, cholesterol and systolic blood pressure between the three ethnic 
groups. 
12) Overall, Indian and Pakistani men had significantly lower mean BMI after removing 
the effects of age, age 2 and the following: 
a) upper body subcutaneous adiposity 
b) central body subcutaneous adiposity 
c) fasting blood glucose, cholesterol and systolic blood pressure. 
13) All the measures of central subcutaneous adiposity (abdomen skinfold, suprailiac 
skinfold and the sum of abdomen and suprailiac skinfolds) had significant positive 
association (after controlling for age, age 2 and BMI) with fasting blood glucose in 
White men but not in Indian and Pakistani men. Significant heterogeneity was 
observed in the partial correlation coefficients (age effect removed) of these 
measures with fasting blood glucose between Whites and Asians. Thus, central 
subcutaneous adiposity was observed to be a potential risk factor of NIDDM in 
White men but not in Asian men. 
14) Although various measures of central body adiposity were significantly associated 
with (age, age 2 and BMI controlled) cholesterol in Whites and not in-Indians and 
Pakistanis, no significant heterogeneity in partial correlation coefficients ( age effect 
removed) was observed between Asian and White men. 
15) Similarly, although various measures of upper body adiposity were significantly 
associated with (age, age 2 and BMI controlled) fasting blood glucose, cholesterol 
and systolic blood pressure in Whites but not in Indians and Pakistanis, no significant 
heterogeneity in partial correlation coefficients ( age effect removed) was observed 
between Asian and White men. 
16) No significant differences were observed in fasting blood glucose levels between the 
three ethnic groups after controlling for circumferences; upper body skinf olds; 
central body skinfolds; extremity skinf olds; and body mass index, cholesterol and 
systolic blood pressure . . 
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17) Indian and Pakistani men had significantly lower mean cholesterol (age corrected) 
than White men after controlling for the effects of chest, hip, waist and abdomen 
circumferences; upper body (chest, midaxillary and subscapular) skinfolds; central 
body ( abdomen and suprailiac) skinfolds; extremity ( triceps, forearm, medial calf 
and anterior thigh) skinfolds; and BMI, fasting blood glucose and systolic blood 
pressure. 
18) Indian and Pakistani men had significantly higher and lower mean systolic blood 
pressure (age corrected) than White men respectively, after removing the effects of 
chest, hip, waist and abdomen circumferences; upper body ( chest, midaxillary and 
subscapular) skinfolds; central body (abdomen and suprailiac) skinfolds; extremity 
(triceps, forearm, medial calf and anterior thigh) skinfolds; and fasting blood 
glucose, cholesterol and BMI. 
19) Although there was some overlap in which variables best predicting fasting blood 
glucose, total cholesterol and systolic blood pressure in the three ethnic groups, the 
most important predictive variables differed in the three groups. 
20) The anthropometric variables and indices used in predicting fasting blood glucose, 
total cholesterol and systolic blood pressure in White only group provide poor 
prediction of the means of these metabolic variables in Indian and Pakistani men. 
10.2 RECOMMENDATIONS 
The results of this study open up a number of lines of investigation as 
outlined. 
1) Studies should be undertaken to see if there is any heterogeneity in risk factor 
profiles between various subgroups or communities within Asians. 
2) More detailed comparative studies of upper, central, lower, truncal and extremity 
body fat distribution should be undertaken utilising a large number of 
anthropometric variables and indices so as to obtain further insight on relative 
adiposity patterning in Asians and Whites. 
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3) The association of truncal, extremity, central, upper and lower body adiposities with 
the metabolic variables, fasting blood glucose, total, HDL and LDL cholesterol, 
triglyceride, insulin, various inactive forms of insulin (proinsulins ), potassium, uric 
acid, fibrinogen, apolipoproteins; and systolic and diastolic blood pressure in Asians 
and Whites should be investigated further. This will shed more light not only on 
whether a particular type of adiposity is a risk factor of NIDDM in Asians and 
Whites, but also whether different types of adiposity have significant associations 
with the metabolic risk factors of NIDDM in the different ethnic groups. 
4) The interrelationships between various anthropometric (circumferences, skinfolds 
and circumference and skinfold indices) and metabolic (fasting blood glucose, total, 
HDL and LDL cholesterol, triglyceride, insulin, various inactive forms of insulin, 
potassium, uric acid, fibrinogen, apolipoproteins) variables and systolic and diastolic 
blood pressure) in Asians and Whites should be studied in depth. On the basis of the 
findings, it will be possible to elucidate whether there are significant differences in 
the nature and extent of these interrelationships between Asians and Whites. 
5) Asians and Whites who are thought to be at high risk of developing NIDDM should 
be identified on the basis of risk factor profiles. Family studies of anthropometric 
and metabolic variables of these individuals should be undertaken in detail so as to 
get new insight on the inheritance of risk factor profiles in different ethnic groups. 
New information on the genetic basis of NIDDM and its risk factors in different 
ethnic groups will be obtained. 
6) Specific health promotion and intervention programmes should be formulated for 
different ethnic groups based on the findings of the above mentioned 
recommendations. 
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APPENDICES 
APPENDIX 1: LETTER SENT TO SUBJECTS 
Dear Patient, 
Dr. B.K. Shoban, 
435, Lincoln Road, 
PETERBOROUGH. 
DIABETES PREVENTION STUDY 
You may know that doctors believe that there are a number of 
factors associated with the likelihood of developing diabetes 
including the ethnic group (genetic origin), the type and amount 
of food we eat, smoking and drinking habits, how much physical 
exercise is taken and raised blood pressure. 
To find out answers to these questions, we are helping a group 
from The University of Cambridge who are looking into ways to 
prevent diabetes. In the study we are asking as many of our male 
patients over 20 years of age to answer some questions about 
themselves on the attached form and to make an appointment for a 
diabetes check-up. 
Please call the surgery, telephone 51771 any weekday to arrange 
an appointment and bring the completed questionnaire with you. 
When you come, an assistant will check your blood pressure and 
measure your height, weight and waist and hip circumferences as 
well as the thickness of your skin at several places. Your 
fasting blood glucose and cholesterol levels will be measured 
which means that YOU MUST NOT EAT OR DRINK ANYTHING ON THE 
MORNING YOU ATTEND THE SURGERY. 
These check-ups will be extended to other practices in the 
Peterborough area and we hope that most of our male patients in 
this age range will take advantage of them in order to help us 
identify individuals with diabetes or with a risk of developing 
diabetes. It wili- also enable us to improve the ways of 
preventing diabetes. 
Yours sincerely, 
Dr. B. K. SHOBAN. 
Enc. 
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APPENDIX 2 : PATIENT QUESTIONNAIRE 
PATIENT QUESTIONNAIRE 
To help us with this study, we need to know a little more about 
you and your family. We would be grateful if you could kindly 
answer the following questions: 
SURNAME 
DATE OF BIRTH 
OCCUPATION 
FORENAMES 
PLACE OF BIRTH 
RELIGION 
PERIOD OF RESIDENCE IN BRITAIN 
ETHNICITY WHITE 
INDIAN 
BLACK CARRIBEAN 
PAKISTANI 
BLACK AFRICAN BLACK OTHER 
BANGLADESHI CHINESE 
ANY OTHER ETHNIC GROUP (PLEASE SPECIFY) 
Please circle the appropriate answer 
(A) YOUR FAMILY 
(B) YOUR HABITS 
( i) SMOKING 
(ii) ALCOHOL 
Have any 
ever had 
FATHER? 
MOTHER? 
BROTHER? 
SISTER? 
of the following relatives 
diabetes? 
Do you smoke cigarettes ? 
If yes - how many per day ? 
- Do you smoke a pipe or a cigars 
Do you drink alcohol? 
If yes - do you drink 
how much of each do you 
consume per week 
consume per day 
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beer 
? 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
YES NO 
wine spirits 
continued 
(C) YOUR ILLNESSES 
(D) YOUR MEDICINES 
(E) YOUR DIET 
Have you ever been told 
that you have had 
HIGH CHOLESTEROL? 
DIABETES? 
HIGH BLOOD PRESSURE? 
ANGINA (OR HEART ATTACK) ? 
STROKE? 
Are you receiving any medicines 
YES 
YES 
YES 
YES 
YES 
for any of the above? YES 
If yes, please give the 
names of your tablets: 
Have you altered your diet as a 
result of any of the above 
NO 
NO 
NO 
NO 
NO 
NO 
illnesses? YES NO 
Do you regularly ( at least 
twice a week) eat/ drink 
any of the following foods: 
(If YES, then please specify 
the item(s) consumed) 
FISH? 
EGGS? 
MILK AND 
/ OR MILK PRODUCTS? 
FRESH FRUITS? 
FRESH VEGETABLES? 
PULSES, NUTS AND 
OILSEEDS? 
CEREALS? 
SUGAR AND SYRUPS? 
MEAT? 
OILS AND FATS? 
Are you a VEGETARIAN? 
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YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
YES NO 
I 
11 
(F) YOUR EXERCISE Do you undertake any 
physical activity? 
If yes, then what type(s) 
of exercise(s) do you do? 
How many times a week? 
How long do you exercise 
for? 
YES 
1 
2 
3 
3 + 
NO 
15 MINUTES 
30 MINUTES 
1 HOUR 
1 HOUR+ 
We would like to collect this form from you when you attend for a 
check-up. Please could you sign below to show your willingness to 
take part in this study. 
Thank you for your help. 
SIGNATURE: DATE: 
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APPENDIX 3: REMINDER SENT TO SUBJECTS 
Dear Patient, 
Dr. B. K. SHOBAN, 
435 LINCOLN ROAD, 
PETERBOROUGH. 
DIABETES PREVENTION STUDY 
REMINDER 
About two weeks ago you received a letter form me providing 
details of work being carried at the surgery in conjunction with 
The University of Cambridge. The work is directed towards an 
examination of factors causing differences in the rate of 
diabetes in different ethnic communities. 
As yet you have not contacted the surgery to make an appointment. 
Please call the surgery, telephone 51771 any weekday to arrange 
an appointment. I hope that you will be able to spare the time to 
help out in this very important research. 
Yours sincerely , 
Dr. B. K. SHOBAN. 
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APPENDIX 4: VARIABLES MEASURED AT THE SURGERY 
A) 
1. 
2. 
ANTHROPOMETRIC MEASUREMENTS: 
HEIGHT (ems): 
WEIGHT (kgs): 
CIRCUMFERENCES: 
3. MINIMUM WAIST (ems): 
4. MAXIMUM HIP (ems): 
5. CHEST (JUXTA NIPPLE) (ems): 
6. ABDOMEN (UMBILICAL LEVEL) (ems): 
SKINFOLDS: 
7. SUBSCAPULAR (rams): 
8. SUPRAILIAC (rams): 
9. TRICEPS (rams): 
10. ABDOMINAL (rams): 
11. ANTERIOR THIGH (rams): 
12. MEDIAL CALF (rams): 
13. FOREARM (rams): 
14. MIDAXILLARY (rams): 
15. CHEST (rams): 
(B) FASTING BLOOD GLUCOSE (mmol/1): 
(C) FASTING BLOOD- CHOLESTEROL (mmol/1): 
(D) BLOOD PRESSURE (mmHg) 
1. 
2 . 
SYSTOLIC 1: 
DIASTOLIC 1 : 
(E) PULSE RATE : 
SYSTOLIC 2 :· 
DIASTOLIC 2 : 
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APPENDIX 5: LIST OF CIRCUMFERENCE AND SKINFOLD INDICES 
A) CIRCUMFERENCE INDICES 
CENTRAL BODY 
1) Waist/Abdomen 
2) Waist+ Abdomen 
UPPER BODY:CENTRAL BODY 
1) Chest/Waist 
2) Chest/Abdomen 
CENTRAL BODY:LOWER BODY 
1) Waist/Hip 
2) Abdomen/Hip 
UPPER BODY:LOWER BODY 
1) Chest/Hip 
OTHER INDICES 
1) Chest+ Abdomen 
2) Abdomen+ Hip 
3) Chest+ Waist 
4) Chest+ Hip 
5) Waist+ Hip 
6) Sum of all 
7) Waist/Sum of all circumferences 
8) Chest/Sum of all circumferences 
9) Abdomen/Sum of all circumferences 
10) Hip/Sum of all circumferences 
B) SKINFOLD INDICES 
CENTRAL BODY 
1) Suprailiac + Abdomen 
2) Abdomen/Suprailiac 
UPPER BODY:CENTRAL BODY 
1) Subscapular/Suprailiac 
2) Chest/Abdomen 
3) Midaxillary/Abdomen 
4) Subscapular/Abdomen 
5) Chest+ Midaxillary/Suprailiac + Abdomen 
6) Midaxillary + Subscapular/Suprailiac + Abdomen 
7) Chest+ Subscapular/Suprailiac + Abdomen 
8) Chest/Suprailiac 
9) Midaxillary/Suprailiac 
UPPER EXTREMITY 
1) Triceps/Forearm 
2) Triceps+ Forearm 
LOWER EXTREMITY 
1) Anterior thigh+ Medial calf 
2) Anterior thigh/Medial calf 
UPPER EXTREMITY : LOWER EXTREMITY 
1) Triceps/Anterior thigh 
2) Forearm/Medial calf 
3) Forearm+ Triceps/Medial calf+ Anterior thigh 
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continued 
UPPER BODY 
1) Chest/Midaxillary 
2) Chest+ Midaxillary 
3) Chest+ Midaxillary + Subscapular 
4) Chest/ Subscapular 
5) Subscapular/Midaxillary 
TRUNCAL 
1) Chest+ Midaxillary + Abdomen 
2) Chest+ Abdomen 
3) Midaxillary + Abdomen 
4) Midaxillary +Abdomen+ Subcapular + Suprailiac 
PERIPHERAL 
1) Triceps+ Forearm+ Medial calf+ Anterior thigh 
UPPER BODY: UPPER EXTREMITY 
1) Chest/Triceps 
2) Chest/Forearm 
3) Midaxillary/Triceps 
4) Midaxillary/Forearm 
5) Subscapular/Triceps 
6) Subscapular/Forearm 
UPPER BODY:LOWER EXTREMITY 
1) Chest/Anterior thigh 
2) Chest/Medial calf 
3) Midaxillary/Anterior thigh 
4) Midaxillary/Medial calf 
5) Subscapular/Anterior thigh 
6) Subscapular/Medial calf 
CENTRAL BODY:UPPER EXTREMITY 
1) Suprailiac/Triceps 
2) Suprailiac/Forearm 
3) Abdomen/Forearm 
4) Abdomen/Triceps 
CENTRAL BODY: LOWER EXTREMITY 
1) Suprailiac/Anterior thigh 
2) Suprailiac/Medial calf 
3) Abdomen/Anterior thigh 
4) Abdomen/Medial calf 
OTHER INDICES 
1) Sum of all skinfolds 
2) Subscapular/Sum of all skinfolds 
3) Suprailiac/Sum of all skinfolds 
4) Chest/Sum of all skinfolds 
5) Triceps/Sum of all skinfolds 
6) Abdomen/Sum of all skinfolds 
7) Anterior thigh/Sum of all skinfolds 
8) Medial calf/Sum of all skinfolds 
9) Forearm/Sum of all skinfolds 
10) Midaxillary/Sum of all skinfolds 
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